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nPEflHC/IOBHE 

BejiH^ecTBeHHbie AocTH^KeHHH nocjieAHHx jier b o6jiacTH 
HCCJieAOBaHHH KOCMOca: bbiboa na op6HTy Cobctckhm Coiobom 

nepBbix HCKyccTBeHHbix cnyraHKOB SeMjiH, MHoro^HCjieHHbie 
sanycKH coBercKHX h aMepHKancKHX cnyxHHKOB paBjiH^Horo 

HasHa^eHHH, nocbiJiKa KOCMH^ecKHX annaparoB k Jlyne, Be- 
Hepe, Mapcy, nojieTbi KocMonaBTOB — Bce sto npHBJieKjio 

BHHMaHHe UIHpOKHX CJIGCB HHTaTeJieft K npo6jieMaM KOCMOHaB- 
THKH, B TOM HHCJie K 66 Tpa6KTOpHbIM Sa^a^aM. 

ilHHaMHKa KOCMHq6CKOrO nOJI6Ta HM66T CBOHM np6AM6T0M 
H3yq6H«6 ABH5K6HH5I HCKyCCTB6HHbIX H666CHbIX T6JI, yH6T BJIUH- 
HHH paSJIHHHblX (|)aKTOpOB Ha XapaKT6p STOrO ABH5K6HH5I. 
Sra B6TBb M6XaHHKH H3B6CTHa TBKTKe HOA HHblMH HaSBaHHHMH: 
«npHKJiaAHa5I H666CHa5I M6XaHHKa», «KOCMOAHHaMHKa», «H6- 
66CHa5i 6ajijiHCTHKa», «acTpoAHHaMHKa». 

T60pH5I nOJI6Ta HCKyCCTB6HHbIX H666CHbIX T6JI Cym6CTB6H- 
HblM oSpaaOM HCnOJIb3y6T M6T0AbI H p63yJIbTaTbI KJiaCCHH6CKOH 
H666CHOH MexaHHKH, 3aHHMaK)m6HC5I H3yH6HH6M ABHX^6HH5I 
6CT6CTB6HHbIX H666CHbIX T6JI. C6HHaC H666CHa5I M6XaHHKa 
np6ACTa6T B HOBOM CB6T6 — KaK BB6AeHH6 B AHHBMHKy KOCMH- 

H6CKoro noji6Ta. 

B AaHHOH KHHr6 0CH0BH06 BHHMaHH6 yAeJI6HO HM6HHO T6M 
Tpa6KTOpHbIM aa^anaM KOCMOnaBTHKH, KOTOpbI6 HaH6ojI66 
6 jIH 3KH K KJiaCCHH6CKOH H666CHOH M6XaHHK6. XlpyrH6 BOHpOCbl 
KOCMOAHHaMHKH (H6K0T0pbI6 H3 HHX ynOMHHyXbl BO BBOAOKHM) 
aBTOp HaAeOTCH HSJIOX^HTb B KHHr6, npOAOJIHCaiOmOH AaHHyiO. 

KHHra aApecoBana t6m, kto »c6Jia6T nojiyHHTb npoAcraB- 

JI6HH6 O H666CHO-M6XaHHH6CKOM annapaT6 KOCMOnaBTHKH, 

0 npocTOHiUHX aaAanax KocMOAHHaMHKH h M6TOAax hx p6m6- 

HHH. 3t 0 MOryT 6bITb CTyA6HTbI T6XHHH6CKHX BySOB H (|)H3H- 

Ko-MaT6MaTHH6CKHx (|)aKyjibT6T0B, HH}K6H6pbi, np6noAaBa- 

TeAH 6CTeCTBeHHO-MaTeMaTHH6CKOrO npO(J)HJIH. y HHTaT6A^ 
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npeAnojiaraercH snaKOMCTBO c ocHOBaMH Bbicmeft MareMaTHKH 

B 06^61^6 nporpaMMbi BTyaa. 

B Te^eHHe nocjieAHHX jier y nac h aa py 6 e>K 0 M 6 biJio Bbinoji- 
Heno 6 ojibiiioe hhcjio HHTepecHbix h rjiy 6 oKHx HccjieAOBaHHH, 
nocBHmeHHbix AHHaMHKe KOCMHqecKoro nojieTa. /taHHan khh- 
ra MO>KeT nocjiy>KHTb BBe^eHHeM k sthm pa 6 oTaM *). Flocjie 
ee HTeHHH ^HTarejiK) 6yAeT Jier^e npHcrynHTb k Hay^enHio 

cneuHajibHbix cTareft h MOHorpa(|)HH, b ^acTHOCTH MOHorpa- 
(|)HH, BbinycKaeMbix PjiaBHOH pe^aKUHeft (j)H3HK0-MaTeMaTHHe- 

CKOH jiHTeparypbi HS^aTejibCTBa «HayKa» b cepHH «MexaHHKa 
KOCMHHecKoro nojieTa». 

HeOT'beMJieMOH qaCTbK) STOH KHHEH 5IBJI5IK)TC5I BKJHO^eH- 

Hbie B Hee aa^a^H. Ohh paanooSpasHbi no coAepH^annK) h cre- 
nenn TpyAHocTn. Mnorne h3 hhx cnaSH^enbi OTBeraMH hjih 
pemeHHHMH, noMemennbiMH b Konixe khmeh. Oahh aa^ann • 
npeACTaBJiHioT co6oh HJijiiocTpaTHBHbie npHMepbi k cooTBer- 
CTByK)iij,eMy TeopernnecKOMy Marepnajiy, Apyrne me npeAcxaB- 
jiHioT caMocTOHTejibHbiH HHTepec. rioaTOMy K aa^anaM neoS- 
XOAHMO OTHecTHCb TaK me BKHMarejibHO, KaK n k ocraJibHOMy 

TeKcry. Kpaftne jKOjiarejibno, nTo6bi nHTarejib caMOCTonrejibHo 
npeACTaBHji ce6e xoa pemennH Kan^Aon h 3 aa^an n no KpanneH 

Mepe HeKOTOpbie na hhx peuiHji nojiHocTbio. 3 to ne saftMer 
MHoro BpeMCHH, ecjiH npHBJienb xoth 6bi npocTeftniHe cnerabie 
npH6opbi (apH(|)MOMeTp hjih jiorapH(|)MHHecKyK) jinneftKy), 
a TaKH^e Ta6jiHLi;bi, yKaaaHHbie b cnncKe JiHTeparypbi. He- 
KOTopbie acTpoHOMHHecKHe KOHcraHTbi, KOTOpbie Moryr 
noTpe6oBaTbC5i HHTaTejiio npH pemennH aa^an, co6paHbi b 

npHJIO>KeHHH, 

JXjih MareMaTHHecKHX cnpaBOK, noTpe6HocTb b Koropbix 
Monger BOSHHKHyxb npn nreHHH khhfh, HHTaTejiio AOCTaronno 

o6paTHTbC5i K noco6HHM [ 0 . 16 — 0 . 20 ] cnncKa JiHTeparypbi. 

BBeAeHHe k KHHre co^epJKHT KpaTKHii o630p neKOTOpbix 
OCHOBHbIX npoOjieM, HHTepecyiOmHX KOCMOAHHaMHKy. 

PjiaBa I jxaeT npeACTaBJienne o HbioroHOBCKOM noTenixHajie 

Teji c(|)epHHecKOH h Hec(|)epHnecKOH crpyKTypbi. 

PjiaBbi II—IV nocBHmeHbi ABH^Kennio cnyrHHKa uenTpajib- 
Horo Tejia, npHHHMaeMoro aa Marepnajibnyio ronxy hjih rejio 

*) HeKOTOpbie h3 sthx pa6oT nepeqHCJienbi b KOHue khhfh b cnHCKe 
jiHTepaTypbi (KoropbiH, pasyMeexcB, hh b Koeft Mepe iie nperenAyeT na noji- 

Hoxy), 
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c4)epHHecK0H CTpyKTypbi (HeB03Myiu,eHHoe ABH>KeHHe). Hc- 

nojibsoBaHHe annapara BeKTopnoro Hc^HCJieHHH nosBOJiHjio 
cAejiaTb H3Jio>KeHHe reopHH HeB03Myiij,eHHoro 6ojiee 

KOMnaKTHbiM. npHBJie^eHHe KOMnjieKCHbix HHceji jxajio bo 3- 
MOH^HOCTb OAHOBpeMeHHO, e^HHblM npHCMOM paCCMOTpCTb 3JI- 

jiHnTH^ecKoe h rHnep6ojiHqecKoe ABHH^enHH. 

PjiaBa II nocBHiueHa b ochobhom H 3 Jio>KeHHK) o6biHHbix, 
TpaAHUHOHHbix BonpocoB Ba^a^H AByx Teji. OopMyjibi 
cKopocTH KOCMH^ecKoro annapaxa (§ 9) HcnojibayioTCH jxjin 

npH6jiHH^eHHOH oueHKH BpeMeHH nepejiera no Ayre rHnep6o- 
jinnecKOH op6HTbi babjih ot npHTHmaaiomero uenTpa. B § 12 
BbiHcnneTCH BOSMOH^nocTb npHMenenHH annapara KOMnjieKc- 
Hbix nepeMeHHbix jxji^ BbiBOAa Bcex BaH^Heftninx (|)opMyji aa^a- 

nn AByx reji. B § 11 paccMorpena TaK}Ke aa^ana o ABH^^ennH 

KocMOjiera c cojinenHbiM napycoM (AH4)(})epeHLi;HajibHbie ypan- 

neHHH 3TOH sajxami cxoahh c AH4)4>epeHUHajibHbiMH ypanne- 
HHHMH aa^ann AByx reji). 

B rjiane III paccKasbiBaercn o cnoco6ax Haxo>KAeHHH Bpe- 
MCHH nepejiera KocMnnecKoro annapara no sa^aHHon Ayre 
HBBecrHOH op6Hrbi. FlpHneAenbi ^^opMyAbi jxjih BpeMenn nepe- 
Aera no Ayre napaSoAW hah Ayre 3AAHnca MaAoro aKCuenrpH- 
CHrera. floBOAbHo noApoSno paccMorpeno ypaBHenne Ken- 
Aepa, HBAOAceH MeroA ero pemeHHH (aah aAAHnrnnecKoro h 
rHnep6oAHHecKoro ABH>KeHHH). 

B FAaBe IV paccMarpHBaercH KenAepoBO ABH>KeHHe orno- 
CHreAbHO saAaHHOH b npocrpancrBe CHcreMbi orcnera. Pac- 
CMorpeHbi saAaHH o naxoH^AeHHH noAOJKOHnn cnyrnHKa no 

saAaHHbiM BAeMenraM ero opSnrbi h o naxoA^AeHHH 3AeMeH- 

roB op6Hrbi no necKOAbKHM naBecrnbiM noAO>KeHHHM cnyrnHKa. 

npHBAeneHHe npocreftiliHx CBeAeHHH o Marpnuax h o BCKro- 
pax noBBOAHer HBAOA^nrb arn Bonpocbi BecbMa KOMnaKrno. 
B § 6 TAaBbi IV paccKaaaHO o B 03 M 0 >KH 0 crH npornoBHpoBaHUH 
rpaccbi 6AH3Koro cnyrnHKa na noBepxnocrn Bcmah. 3Aecb 
Mbi BnepBbie orcrynaeM or KenAepOBbix ABHJKennH, KorAa ynn- 
rbiBaeM Bpamenne nAOCKOcrH op6Hrbi, BbiBBannoe cn^arneM 
3eMAH. 

ZIah HBynenHH ABHJKenHH KOCMHnecKHX annaparoB 6oAb- 
uioe Bnanenne HMeer npoSACMa n reA. B FAaBe V BbiBeAenbi 
(b BeKropnoH (|)opMe) AH(})(|)epeHLi;HaAbHbie ypaBnennH npo6Ae- 
Mbi reA B paBAHHHbix CHcreMax orcnera. HnrerpaA nAOuj,a- 
AGH H HnrerpaA sneprnH ycranaBAnBanarcn ABHA^ennH 
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CHCTeMbI n BSaHMHO THFOTeKDmHX TOqeK OTHOCHTeJIbHO HpO- 

HSBOjibHOH, aapanee Bbi6paHHOH tohkh npocTpancTBa. B o6- 
30pH0M njiane paccKasano o jiarpan^KeBbix ABHHceHHHX, o pH^ax 
SyHAMaHa h JlH-rpe6Hepa, o (|)HHajibHbix ABHH^eHHHX b 
npoSjieMe Tpex reji. 

B rjiase VI (|)0pMyjibi npeAbiAymeft rjiasbi HcnojibsyioTCH 
JXJIH BBeAenHH noHHTHH 0 C(f)epe achctbhh. HsjiaraeTCH cym- 
HocTb KycoHHO KOHH^ecKoro MeTOAa npH6jiH»ceHHoro pac^era 
KocMH^ecKHX TpaeKTOpHH; B xa^ecTBe npHMepa paccMOTpena 

aa^a^a o nojiere k Benepe. 

FjiaBa VII nocEHiuena aKTyajibHoft jxjin KOCMOHasTHKH 

orpaHH^eHHOH aa^a^e Tpex reji (ypaBHenHH j^BHHceHHH, HHxe- 

rpaji 5Iko6h, tohkh jiH6pauHH, jihhhh XHJiJia). PaccKaaano 

0 HeKOTopbix pa6oTax no aa^ane Tpex Teji, nposeAeHHbix b no- 
cjieAHee speMH. 

PjiaBa VIII coAepJKHT nanajibHbie CBe^eHnn o Teopnn Boa- 

MymeHHH. ypaBHeHHH BoaMymeHHH b ajieMenTax op6HTbi 

BbiBeAeHbi MeTOAOM, npeA^OH^ennbiM A. H. Jlypbe. §§ 2 n 3 

AOJiH^Hbi AaTb HeKOTOpoe npeACTaBJienne o bjihhhhh reo(|)HaHne- 

CKHX 4)aKTOpOB Ha ABHH^eHHe HCKyCCTBeHHbIX CnyTHHKOB. 

Ka>KAbiH naparpa(|) HMeeT cbok) HyMepaunio 4)opMyji. FIpH 
ccbiJiKe Ha (|)0pMyjibi na Apyroro naparpa(|)a yKaabmaioTCH ho- 
Mepa TJiaBbi, naparpa4)a, (|)0pMyjibi; nanpHMep, aanncb (2.8.1) 
oananaeT: rjiaaa II, §8, (|) 0 pMyjia (1). 

ripHHomy CBOK) rjiySoKyio npHanaTejibHocTb JX- E. Oxo- 
UHMCKOMy, B. A. EropOBy, B. H. JleBaHTOBCKOMy h FI. T. Pea- 
HHKOBCKOMy, HbH ueHHbie aaMenaHHH h coBeTbi noaBOJiHjiH 

anaHHTejibHO yjiynuiHTb KHHry. BjiaroAapio TaKH^e P. X. Kpn- 
cTajiHHCKoro H B. A. FleTpoBa aa oKaaaHHyio MHe noMouj,b 
npH o4)opMJieHHH pyKonHCH H npOBepKe neKOTOpbix Bbinnc- 
JieHHH. 

ByAy npHanaTeJien BceM HHTaTejiHM, KOTopbie coo6uj,aT mho 
CBOH KpHTHHecKHe aaMenaHHH no Aannoft KHHre. 


M. EaAK 



BBEflEHHE 


1. npH Hsy^eHHH He6ecHbix Teji — KaK ecre- 

CTBeHHblX, TaK H HCKyCCTBeHHbIX — Heo6xoAHMO B nepByio 

o^epeJXh npHHHMaTb bo BHUManHe CHjibi BsaHMHoro npHTHX^eHHH 

Teji B npocTpancTBe. Cbok) ocHOBnyK) saAa^y KJiaccH^ecKaH 
He6ecHaH MexaHHxa BHAeJia b Hsy^eHHH ABHX^enHH Teji hmch- 
Ho noA BOBAeftcTBHeM Hx BsaHMHoro npHTHx^eHHH, OrnpaBHbiM 
nyHKTOM B nocTpoeHHH HeSecHOH MexanHKH cjiyxcHT saKOH 
BCeMHpHOrO THTOTeHHH, OTKpbITblH 300 JICT TOMy HaSBA, 

B 1665—1666 roAax, bcjimkhm anrjiHHCKHM (|)H3 hkom h Maxe- 
MaTHKOM HcaaKOM HbioTOHOM (1643—1727). 3 tot saKOH xa- 
paKTepHsyex BsaHMOAeftcTBHe MaxepHajibHbix ToqeK (to ecTb 
reoMerpHqecKHX to^ok, cHa6>KeHHbix MaccaMH). Oh rjiacHi: 

Bcrkuh MamepuaAbHaH monm npammmaem Kaotcdyto dpy~ 
ayto MarnepuaAbHy/o moHKy c cuaou, npnMO nponopiiuonaAbnou 
npouseedenufo ux mocc a odpamno nponopUfUonaAbHOU Ksadpamy 
paccmoHHUH Meoicdy amuMu moHKaMU, 

MarepHajibHbie tohkh, npHTHTHBaioiAHecn Apyr k Apyry no 

saKOHy BceMHpHoro raroTeHHH, HHorAa nasbiBaioT rpaBHTH- 
pyioiAHMH (oT cjiOBa rpaBHTauHH, to ecTb TnroTeHHe). 

Ecjih nil h — Maccbi AByx MaxepHajibHbix tohok, r — 

paCCTOHHHe MeX^Ay HHMH, to SeJIHHHHa CHJIbI F, C KOTOpOft 

KaTKjxan h3 3thx tohok npHTHFHBaeT ApyryK), onpeAejineTcn 
no (|)opMyjie 



TAe / — K03(|)(|)HUHeHT npOnopUHOHaJIbHOCTH. BeJIHHHHa / 

Ha3biBaeTC5i ynueepcaAbHOU nocmoHHHOu mmomeHUH. B hh- 

TepHauHOHajibHOH cncxeMe eAHHHii. (SI) 




Kz • cei^ 
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bbeaehhe 


B He 6 ecH 0 H MexaHHKe h KOCMOnaBTHKe Hay^eRHe ABH>Ke- 
HHH meA Macro saMeHMioT HayMCHHCM ABH>KeHHB rex MamepU’ 
aAbHbix moHeK, KOTopbie o6pa30BajiHCb 6 bi, ecjiH 6 bi bch Mac- 
ca Ka>KAoro h3 tcji 6 biJia cocpcAoroMeHa b ero ucHTpe TB>KecTH. 
3 to bo mhofhx cjiyMaBX noBBOjiner nojiyMHTb yAOBJierBopH- 
rejibHoe npcAcraBJiCHHe o abhjkchhh cbmhx tcji. 

2. OtMCTHM HCKOTOpbie 0 C 06 eHH 0 CTH TBroreHHH. 

iJeficTBHe TBroreHHB k ABHHOMy rejiy mojkct 6biTb o6Ha- 
py>KeHo Ha rpOMaAHbix paccroHHHHX or aroro rejia. Tan, Ha- 
npHMep, npHTH>KeHHe k CojiHuy npoHBJiHercH na paccroHHHHX, 

B 20 000 pa3 OojibuiHx, mcm paccroHHHe ot Scmjih j\o CojiHua 
(to ecTb Ha paccTOHHHH B 3000 MJipA. km): na raKOM paccroH- 
hhh cojiHCMHoe npHTH>KeHHe eme onpeACJiHCT abh^kchhc hcko- 

TOpblX KOMCT. 

npoMOKyTOMHaH cpeAa MOKAy AByMH rejiaMH HHKaK He 
BjiHHeT Ha BejiHMHHy CHjibi THPOTeHHH: ara CHJia ocTanercH 

OAHOH H TOH >Ke HOBaBHCHMO OT TOTO, pa3AeJieHbI JIH TEJia pa3- 
pe^KeHHblM Me>K3Be3AHbIM HpOCrpaHCTBOM HJIH Me>KAy HHMH 

HaxoAHTCH KaKan-JiHOo njiOTHan cpe^a; THroreHHe 6e3pa3JiHMHo 
K HperpaAaM h npenHTCTBHHM. HnnaKHe jiaOoparopHbie aKC- 
nepHMeHTbl H aCTpOHOMHMeCKHe HaOjUOACHHH He hobbojihjih 

o6Hapy>KHTb KaKoro-jiH6o bjihhhhh nperpaA na pacnpocTpa- 

HeHHe THroreHHH. 

HaKOHeu, THroreHHe pacnpocTpaHHercH MrnoBeHHo. Opan- 

uyacKHH MareMaTHK h acTpoHOM W.- FI. JIanjiac (1749—1827) 

noHbiTajiCH oTBeTHTb Ha Bonpoc: ecjiH AonycTHTb, mto thto- 
reHHe nepeAaercH c onpeACJieHHOH CKopocTbio, to KaKOBa 
AOJi>KHa 6 biTb ara CKOpocTb pacnpocTpaneHHH THroreHHH, ecjiH 
oHa He Mo>KeT Obirb oOnapyHcena npH HaOjuoACHHH neOecHbix 
reji c noMouj,bK) coBpeMeHHbix (ajih JIanjiaca) npnOopOB? Oh 
npHuieji K BbiBOAy, mto ecjiH rnrorenHe h nepe^aercH c neKO- 

TopOH CKopocTbK), TO ara CKOpocTb BO BCHKOM cjiyMae 6ojiee 
MeM B MHjijiHOH pa3 HpeBbiuiaeT cKopocTb CBera. 

npHpoAa THroreHHH nojiyMHjia yAOBjieTBOpnrejibHoe oOt^hc- 
HeHHe jiHUib B XX CTOJieTHH B rait naabiBaeMoft o6uj,eH reopHH 
OTHOCHTejIbHOCTH, C03AaHHOH A. OHHUITeHHOM B 1914 rOAy. 

3. npH H3yMeHHH ABH>KeHHH HeOcCHblX Tejl oObIMHO AG’ 

HaiOTCH HeKOTopbie ynpoui,aioLi;He AonymeHHH. OrMernM nan- 

6 ojiee BajKHbie h3 hhx: 

i». npH paccMOTpeHHH ABHH^eHHH HeKOToporo rejia (na- 
npHMep, HJianeTbi, KOMerbi hjih KocMHMecKoro KopadAn) yMH- 
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TbIBaiOT BJIHBHHe JIHIlIb OAHOFO, AByX HJIH HeCKOJlbKHX TCJI. 

npH 3T0M npeHe6peraK)T BOSAeftcTBHeM 6ecKOHeMHoro mho- 
>KecTBa ApyrHx reji, jih6o o6jiaAaK)mHX MajibiMH MaccaMH, 
jih6o pacnojio>KeHHbix Ha 6ojibmHX paccTOHHHHX ot Haynae- 
Moro Tejia. 

2®. Tejia cHHTaiOTCH a6cojiK)THO TBepAbiMH. 

3®. B pHAe cjiyqaeB Tejia paccMarpHBaioTCH KaK Mare- 

pHaJIbHbie TOHKH. 

Oahoh h 3 Ba>KHeHmHX no cbohm npHjio>KeHHHM aa^an ne- 

6ecHOH MexaHHKH HBJineTCH aa^ana n MaTepnajibHbix ToneK 
(ee name nasbiBaioT «aaAaHeH n Teji»), KOTopan (j)opMyjiHpyeTCH 
cjieAyiomHM o6pa30M: usynurtib deuMenue n esauMHO apaeu- 
mupytomux MamepuaAbHbix moneK, ecAu useecmnbi Maccu amux 
moHeK, ax noAOMenuH a cKopocmu e KaKou-mo odun {mmuAb- 
Hbim) MOMentn epeMenu. B aa^ane n reji npeHe6peraK)T Boa- 
AeficTBHeM ApyrHX reji na yKaaaHHbie n MaxepHajibHbix ToneK, 

a TaK>Ke bcomh ApyrHMH cHjiaMH BaaHMOAencTBHH Me>KAy hhmh 

(KpOMe CHJI THrOTeHHH). 

Ba>KHeHmHH acTpoHOMHH KOHKpeTHbiH cjiynaft aa^anH n 

Teji — 3T0 aa^ana o ABH>KeHHH aebhth 6ojibmHX njianex bo- 
Kpyr CojiHua (n = 10). 

Banana n xeji nojiHocTbio pemena jihuib npH n — 2. 
npH n — 3 oHa He HMeex npaKTHnecKH yAo6Horo o6ui,ero pe- 

meHHH. OAHaKo b He6ecHOH MexaHHKe HcnojibayiOTCH HHCjien- 
Hbie MexoAbi, KOTOpbie nosBOjiniOT j\ji^ Ka>KAoro KOHKpeTHoro 

cjiynan aaAanH n xeji h He cjihiukom 6ojibmoro npoMencyx- 

Ka BpeMeHH nanTH yAOBjiexBOpHTejibHoe j\jih npaKTHKH npH- 

6jiH)KeHHoe nacTHoe pemeHHe stoh aaAanH. 

Oco6eHHO HHTepeceH j\ji^ KocMonaBTHKH tot cjiynafi aaAanH 
n Teji, KOTAa Macca oahoto xejia hhhto>kho Majia no cpaBHeHHK) 
c MaccaMH ApyrHx tcji. Tan, nanpHMep, o6ctoht aejio b cjiynae 

ABHHCeHHH KOCMHneCKOH paKCTbl K JlyHC (CHCTCMa neTbipex 

tca: SeMjiH, Jlyna, CojiHue h tcjio Majiofi Maccbi — paKexa) 

HJIH npH noAJicTe aBTOMaTHnecKoft MOKnjianeTHOH CTanuHH 

K Benepe (cHCxeMa Tpex tcji: CojiHue, Benepa h Majioe tcjio — 
MOKnjiaHCTHan cTanuHn). B Ka>KAOM na sthx cjiynacB mo>kho 

npaKTHHCCKH CHHTaTb, HTO TCJIO MaJIOH MaCCbl BOBCC HC BJIHHCT 

Ha abhh^chhc ocTajibHbix, 6ojibmHX tcji; roBOpn Tonnee, ao- 
nycTHMo npeHe6peHb tcmh ycKOpcHHHMH, KOTopbie coo6- 

UiaiOTCH MajIbIM TCJIOM Ka>KAOMy H3 6ojIbmHX TCJI. nOCJICAHCe 
AonyiAeHHc paBHOCHTCJibHo TOMy, HTo Mbi npeHe6peraeM 
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CHJiaMH, c KOTOpbiMH Majioe Tejio npHTHEHRaei dojibiUHe rejia. 

HaAo npH 3T0M oTAasaTb ce6e otmet b tom, ^to Mbi npeHe6pe- 
raeM sthmh CHjiaMH He noTOMy, hto ohh Majibi,— CHjia, c ko- 
TOpoH Majioe Tejio npHTHEHBaeT 6ojibmoe Tejio, b tohhocth paB- 
Ha (no BejiHHHHe) cHjie, c KOTopoH 6ojibmoe Tejio npHTHEHBaeT 
Majioe; nepBOH h3 sthx chji mbi npeHe6peraeM, a BTOpyio ynn- 
TbiBaeM; mu npeHe6peraeM 3Aecb Ha3BaHHbiMH Bume CHjiaMH 
noTOMy, HTO Majibi BUBUBaeMue hmh ycKopeHHH. 

TaKHM o6pa30M, mu npHxoAHM K uejiecoo6pa3HocTH pac- 
CMOTpeHHH TaK Ha3biBaeMOH oepaHUHennou sadmu n meA, 
Sa^ana ara (})0pMyjiHpyeTCH Tax: useecmno deuMenue n — 1 
esawMHO epaeumupytomux MarnepuaAbUbix moHen Ai^ A 2 , . . . 

. . An-I {c MOCCaMU Ml, tTl^y . m^-i) OtnHOCUtneAbHO He- 

Komopou UHepVfUaAbHou cucmeMbi omcnema; amu n — 1 Marne- 

puuAbHbLX moHeK npummueafom MamepuaAbHyto moHKy An\ 
MamepuaAbHaH moHKa An hu odny U3 moneK A^, A . • ^y An-i 
He nparriHaueaem, TpeOyemcn usymtub deuofceHue moHKU An- 

MaTepnajibHyio TOHKy Any o KOTopoft roBopHTCH b stoh aa^a- 

ne, HasuBaiOT naccueno epaeamapywiyeu\ ocrajibHueMaTepHajib- 
Hue TOHKH i4i, . . .yAn-i Ha3biBaK)T aKtnueHo apaeumupyto- 

tyuMu, 

TmaTejibHoe HCCjieAOBaHHe orpaHHneHHOH sajxami n tcji 

H ee nacTHux cjiynaeB, KanecTBeHHUH anajiHa ee pemeHHH, 
nojiyqeHHe yAo6Hbix BUHHCJiHTejibHux (|)opMyji npeaBunaHHO 

Ba>KHbi jxjin npaKTHKH KocMHHecKHX HOjieTOB. Oco6eHHo qaCTO 

HaxoAHT npHMeneHHe cjiynaH n ^ 2, 3, 4. 

Annapa? KjiaccHnecKofl He6ecHOH MexaHHKH, HaxoAniUHH 
uiMponanmee npHMeneHHe h npH HayneHHH ABHHceHHH Hcxyc- 
CTBeHHux He6ecHbix Teji, 6biJi pa3pa6oTaH BejiHKHMH MareMa- 

THKaMH npomjioro — H. Hbrdtohom, Jl. SfljiepoM, W.- JI. Jla- 
rpanjKeM, FI. JlanjiacoM, H. JlaM6epTOM, K. O. FayccoM, 

Xhjijiom, a. M. JlnnyHOBUM, A. flyaHKape h ApyrHMH. 
4. K^iaccHHecKan He6ecHaH MexaHHKa, coa^annaH 
Hy>KA acTpOHOMHH, HHTepecoBajiacb jiHUib pasaadKou nyTefl, 
no KOTopuM ABH>KyTCH He6ecHbie Tejia. B nacTonmee >Ke BpeMH 
Ha nepBUH njian buuijih HOBue aa^anH — aa^ann eudopa 
TpaeKTOpHH He6ecHbix reji, coa^aBaeMux nejiOBenoM. 

JXj191 KOCMOHaBTHKH OHeHb Ba>KHbI MHOEHe BH/^bl TpaeKTO¬ 
pHH, C KOTOpbiMH npaKTHHeCKH He npHXOOTTCH BCTpenaTbCH 

npH HayqeHHH ;^BH>KeHHH ecTecTBennux He6ecHbix Teji h ko- 
Topue noaTOMy homth He paccMaTpHBajiHCb b npoinjioM. 
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OcHOBonojiaraiomyK) pojib b nocTpoeHHH TeopHH nojiera 
KocMHMecKHX annapaTOB cbirpajiH TpyAbi K. 3. Uhojikobckofo, 
H. B. MeinepcKoro, O. A. UaHAepa h Apyrnx pyccKHx h 

coBercKHx yqeHwx. Ba>KHyK) pojib cbirpajiH raKTKe pa6o- 

Tbl HHOCTpaHHbIX HHOHepOB KOCMOHaBTHKH (P. PoAAapA, 

r. 06epT, B. PoMaH h jxp,). 

B Te^eHHe nocjieAHHx j(ecBTH — n^THaOTara jier coBercKH- 
MH H 3apy6ex<HbiMH yMeHbiMH 6bijiH HccjieAOBaHbi h pemeHbi 
MHorne aKTyajibHbie h Tpy;^Hbie TpaeKTopHbie npo6jieMbi Me- 
xaHHKH KocMHqecKoro nojiera. 

BjiecTHiuHMH o6pa3uaMH ycneiiiHoro Bbi6opa TpaeKTopHH 
AJiH HCKyccTBeHHbix He6ecHbix Teji MoryTCJiyscHTb TpaeKTopHH 
KOCMHqecKHX paKCT, nocjiaHHbix ;^jih o6jieTa JlyHbi h 
nona;^aHHH b nee, TpaeKTopHH aBiOMaraqecKHx Me>KnjiaHeT- 
Hbix cTaHUHH, HanpaBJieHHbix k Benepe h Mapcy, h ;^pyrHe. 

Otmcthm HeKOTOpbie Ba>KHbie Ba^a^H, KOTopbie othocbtch 
K AHHaMHKe KOCMHMecKoro nojiera. 

1. SaAaqa o 6jih3kom cnyTHHKe. CnyTHHK 

njiaHCTbi MOHcex HHorAa ABHrarbcn nacTOjibKO 6 jih3ko ot Hee, 

qxo ysce neAonycxHMo cMHxaxb njianexy MaxepHajibnoft xoq- 
KOH. Ecjih npH pacqexe op6HXbi cnyxHHKa mbicjichho cocpeAO- 
xoMHXb BCK) Maccy njiaHexbi b ee 6apHueHxpe (ueHxpe XHHcecxH, 
ueHxpe Macc), xo xanan op6Hxa MO>Kex BHaqHxejibHO oxjih- 
qaxbCH ox peajibHofi xpaeKXopHH cnyxHHKa; oxKJioHCHHe pe- 
ajibHoro nojioH^eHHH cnyxHHxa ox npeABbiMHCjieHHoro (npH 

xaKOM AonymeHHH) Mo>Kex OKaaaxbCB c xeqeHHeM speMeHH 
HeAonycxHMO 6ojibmHM. 

npH pacqexe op6HX nepBbix HCKyccxBeHHbix cnyxHHKOB 
SeMjiH oKaaajiocb Heo6xo;;HMbiM yqnxbiBaxb cnjiiocHyxocxb 
SeMjiH, xo ecxb xo oScxonxeJibcxBO, qxo 6ojiee xo^hoh moacjibk) 
SeMjiH, qeM map, npHXHrHBaK)iii.HH KaK MaxepHajibHan xoqxa, 

Mo>Kex cjiy>KHXb cHcaxbiH c(})epOHA (sjiJiHncoHA BpameHHH). 

OmH6Ka ox npeHe6pe>KeHHH cnjuocHyxocxbio SeMjiH CKasbi- 
BaexcH xeM CHjibHee, qeM 6jiH>Ke k noBepxHocxH SeMJiH npoHc- 
xoAHx ABH>KeHHe cnyxHHKa. fljin cnyxHHKOB, ABHjKyiUHXcn Ha 

paccxoHHHH AO 40 000 km ox ueHxpa Scmjih, axa omH6Ka 6ojib* 

Bie, HanpHMep, hcm omH6Ka ox npeHe6pe)KeHHH BJiHHHHeM 
•^yHbl H CojIHUa. 

3(}4>eKx OKaxHH Heo6xoAHMo 6yAex yqnxbiBaxb h npH pac- 
qexe op6Hx HCKyccxBeHHbix cnyxHHKOB njianex cojiHeHHOH chc- 

TCMbi (KDnHxepa, Mapc^ h Ap-)* 
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2. B H )K e H H e KOCMHMeCKOrO Kopa6jIH 
B COnpOTHBJIHIOmeHCfT CpCAe. HeCMOTpH Ha 

CBOK) KpaHHIOK) pa3pe>KeHHOCTb Ha 6oJIbmHX BbICOTaX, aTMO- 

c(j)epa OKasbiBaeT BecbMa anaqHTejibHoe TOpMoanmee ;^eHCTBHe 

Ha ABH>KeHHe HCKyccTBenHoro cnyTHHKa SeMJiH. B peayjibTare 
TaKoro TopMOKCHHH cHyTHHK cHH>KaeTCH, coBepuiaeT 6ojiee 
6biCTpbiH o6jieT BOKpyr SeMjiH h, b KOHue kohuob, npeKpa- 
maeT CBoe cymecTBOBanne. BosHHKaioT, b HacTHocra, laKHe 
BonpoCbi: KaKHM o6pa30M bosmo^ho HpeACKaaaTb «npoAOJi}KH- 

TeJIbHOCTb }KH3HH» CHyTHHKa? K^KHM o6pa30M BJIHHeX Ha 
ABH>KeHHe cnyTHHKa COnpOTHBJieHHC BepXHHX CJIOCB aTMOC(j)e- 

pbi? H o6paTHo, KaKHe. BbiBOAbi o BepxHCH aTM0C(j)epe mo>kho 

CACJiaTb Ha OCHOBaHHH HaSjHOACHHH 3a HSMeHCHHeM Op6HTbI 

cnyTHHKa? Hohhtho, hto 3th >Ke Bonpocbi BCTanyx npH H3y- 

HCHHH ABHJKCHHH HCKyCCTBCHHblX CHyTHHKOB ApymX HCfiec- 
HblX TCJI. 

3. B OTJIHHHC OT eCTeCTBCHHblX KOCMHHCCKHX TCJI KOCMHHe- 
CKHH KOpa6jIb MO>KeT H3MeHHTb CBOK) TpaCKTOpHIO B KOCMHHe- 

CKOM npocTpancTBC 6jiaroAapH BpeMennoMy (HMnyjibCHOMy) 

BKJHOHCHHK) paKCTHOTO ABHraTCJIH.. 3tO AaCT B03M0>KH0CTb 

nepCHTH OT nepBOHanajibHOH op6HTbi k Apyroft, c coBepmeHHo 

HHbiMH iiapaMCTpaMH. TaKOH nepexoA hocht naaBaHHc k o c- 
MHHecKoro MaHCBpa. 

HayHCHHC paajiHHHbix bhaob kocmhhcckhx MancBpOB, 

Bbl6op OHTHMaJIbHOrO BapHaHTa KOCMHHeCKOrO MaHCB- 
pHpOBaHHH npH Co6jIK)AeHHH OHpeACJieHHblX TpefiOBaHHH 

(nanpHMCp, npn MHHHMajibHoft aaTpaxe TonjiHBa) — aK- 

TyajibHan aaAana AHHaMHKH KOCMHnecKoro rioACTa. Toab- 
KO npHMeneHHe kocmhhcckhx MancBpoB hobboaht b 6ah- 
.>KaHmeM 6yAyui,eM peuiHTb MHorne aKxyaAbHbie npo6AeMbi koc- 
MonaBTHKH, HanpHMep 3anycK c Scmah HCKyccTBCHHbix 
cnyTHHKOB JlyHbi, Mapca h BeHcpbi. 

B TCCHOH CBH3H C 3TOH npo6AeMOH HaXOAHTCH ApyraH Ba)K- 

nan npo6AeMa — npo6AeMa BCTpenn kocmhhcckhx KOpa6AeH, 

TO eCTb Bbl6op TaKOrO ManCBpa, KOTOpblfi HOBBOAHA 6bl OAHOMy 
H3 3THX KOpa6AeH HOHaCTb B BaAaHHblH MOMCHT BpCMCHH B Ha- 

nepcA 3aAaHHyK) TOHKy npocTpancTBa c onpeACACHHOH, 3a- 

AaHHOH CKOpOCTbK). 

JlHHaMHKa KOCMHHecKoro noACTa HHTepecycTCH TaK>Ke on- 

THMaAbHblMH (HaH 60 Aee BbirOAHbIMH) BapHaHTaMH BbIBOAa KOC- 

MHHecKoro annapaxa na op6HTy, cnycKa c op6HTbi, npoxo>K- 
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AeKHn* ^epe3 aTMOC(|)epy npH B03BpaiiieHHH KocMHMecKoro 

Kopa6jiH Ha SeMjiK) hjih npH cnycKe na KaKyK)-JiH6o Apy- 
ryio njianeTy. 

4. KoCMHHeCKHH KOpa6jIb BbIBOAHTCH B KOCMHHeCKOe HpO- 

CTpaHCTBO Ha 3aAaHHyK) TpaeKTOpHio c noMombK) paneTHbix abh- 
raTejieft. B peayjibTare pa6oTbi ABHrarejieft ocymecTBJineTCH 
OT6poc HacTH Maccbi paKETbi, HecyuieH KOpa6jib. TaKHM o6pa- 
30M, Mbi HMeeM AeJio c ABH>KeHHeM Teji, HbH Macca MenneTCH 

B npouecce abhjkchhh. 

rioHHTHo, ^ro HBMeneHHe Maccbi moket HMeTb mecto ne 

TOJIbKO Ha CTaAHH BbIBeAeHHH KOpa6jIH B KOCMHHeCKOe npo- 
CTpaHCTBO — 3T0 6yAeT npOHCXOAHTb H B CaMOM KOCMHHeCKOM 

npocTpancTBe npH BKjnoneHHH paKeTHoro ABHrarejin jijin koc- 
MHHecKoro ManeBpa. 

HayneHHe abhjkchhh t e ji nepeMeHHofl 
M a c c bi (c yneTOM conpoTHBJieHHH cpeAbi, TnroTeHHH h Apy- 

EHX (j)aKTopOB) — OAHa H3 aKTyajibHeftuiHx 3aAaH AHnaMHKH 
KOCMHHecKoro nojieTa. 

5. HapHAy c MOUlHblMH paKCTHblMH ABHraXeJIHMH, pa6o- 

raioiAHMH Ha BbicoKOKajiopHHHOM TOHjiHBe B TeneHHe He6oAb- 
HIHX npOMe>KyTKOB BpeMeHH, MO>KHO HCn0JIb30BaTb H HHbie 

BHAbi ABHraxejieH, hctohhhkh aneprHH, KOTopbie co3Aa- 
K)T BecbMa Majiyio Tnry, A^flcTByiomyK) Ha KOCMHHec- 

KHH KOpa6jib B TeneHHe A*nHTejibHoro BpeMeHH. y>Ke ceft- 

Hac pa3pa6aTbiBaioTCH npoeKra KocMHHecKHX Kopa6jieH c 

HOHHbiMH ABHraxejiHMH, Kopa6jieH, Hcnojib3yK)iAHX AaBjieHHe 

cojiHeHHoro cBexa. B AHHaMHKe KOCMHHecKoro nojiexa pac- 
CMaxpHBaexcH ABH>KeHHe KOCMHHecKHx annapaxoB c ABHraxe- 

JIHMH MajIOH XHEH, H3yHaK)XCH B03M0H^H0CXH HCHOJIbBOBaHHH 
MaJIOH XHEH JXJIH OCyu;eCXBJieHHH KOCMHHeCKHX ManeBpOB. 

6. JXo CHX nop Mbi paccMaxpHBajiH KOCMnnecKHH annapax 
KaK MaxepHaJibHyK) xoHKy: roBOpH o ABH>KeHHii annapaxa, mbi, 
no cymecxBy, HMejiH b BHAy ABH>KeHHe neKoxopofi Maxepnajib- 
HOH xoHKH — xoft, KOxopaH nojiyHHjiacb 6bi, ecjiH bch Macca 
annapaxa 6biJia 6bi cocpeAoxonena b ero uenxpe XH>KecxH. 
npaKXHnecKH moh^ho cHHxaxb, nxo axo h 6yAex xpaeKXopHH 
uenxpa xhjkccxh annapaxa. Ho 6ojibm()H HHxepec npeAcxaB- 
AHex Bonpoc 0ABH>KeHHH KOCMHnecKoro annapaxa oxHocHxeAb- 
Ho CBoero 6apHueHxpa, BbiHcneHHe xoro, 6yAex ah annapax 
BpamaxbCH BOKpyr axon xohkh, coBepmaxb KOAe6axeAbHbie 

HAH KaKHe-AH6o ApyrHe ABHHCeHHH. OaHOH H3 Ba>KHbIX 

2 M. B. BajiK 



18 


BBEAEHHE 


sajxaH ahhbmhkh KOCMH^ecKoro nojiera HBJineTCH h c c ji e- 
AOBaHHe K0Jie6aTejibH0-Bpam,aTejibHbix 

ABH>KeHHH HCKyCCTBeHHbIX CnyTHHKOB ScMJIH. 

7. Ha ABH^eHHe KOCMH^ecKHx annaparoB Moryr OKaaaTb 

BJIHBHHe MHOrOMHCJieHHbie (|)aKTOpbI. K hhm OTHOCHTCB, B MaCT- 

hocth: BpameHHe aeMHofl aTM0C(j)epbi, MarHHTHoe nojie SeMjiH, 

cojiHeMHan paAHauHH h MHorHe jipyrHe. B pn^e cjiy^aeB 

B KOCMOHaBTHKe HpHXOAHTCB npHHHMBTb BO BHHMaHHe H 3TH 
(j)aKTOpbI. 

B HacTOBmefi KHure Mbi orpaHHMHMcn paccMOTpeHHeM 
jiHiiib HeKOTOpbix npocTeflmnx aa^a^ AHHaMHKH KOCMH^ecKO- 

ro nojiera, HaH6ojiee 6 jih3khx k K.iaccHMecKOH He6ecHOH mc- 
xaHHKe. 



rjIABA I 


3JlEMEHTAPHbIE CBEAEHHJI H3 TEOPHH 

HbJOTOHOBCKOrO nOTEHUHAJIA 


§ 1. BEKTOPHA51 3AnMCb 3AK0HA T^rOTEHH5I. 

HblOTOHOBCKMB nOTEHUMAJl OOJl^, C03AAHH0r0 OAHOft 
MATEPMAJlbHOB TOHKOB 


I. riycTb HeKOTopan Macca M cocpeAOTOMeHa b to^kc A. 
I’aKyK) cocpeAOToqeHHyK) Maccy, KaK HSBecTHo, HasbiBaKyr 

TOqe^HOH MaCCOH HJIH MaTepHaJIbHOH TOMKOH. MbI ee A-HH 


KpaTKOCTH 6yAeM o6o3Ha- 

Harb {Ay M), 

riycTb, noMHMo Mare- 

pnajIbHOH TOMKH {Ay M)y 

HMeeTCH eme Apyran Ma- 

TepHajibHan ToqKa(P, m) 

(pHc. 1.1). BjiaroAapH 

npHTH>KeHHK) K Macce M 

nojio:»{eHHe to^kh (P, m) 

B npocTpaHCTBe Sy^eT co 

BpeMeHeMMeHHTbCH. 06 o- 

3HaqHM BeKTOp AP qepe3 

r, a ero A*/iHHy — qepea 

r. BeKTOp cHjibi F, c ko- 
TopoH MaTepHajibHan TOM- 

Ka {Ay M) npHTHFHBaeT 



Phc. 1.1. 


MarepHajibHyio TOMKy (P, m), HMeer corjiacHo aaKony THroTCHHH 
BejiHMHHy F ~ f HanpaBJieHHe see CHjibi F npOTHBono- 


Jio>KHo HanpaBjieHHK) BeKxopa r. riosTOMy eAHHHMHbifi BeK¬ 
TOp 3T0H cHjibi paBeH — r/r h, corjiacHo aaKOHy BceMHpHoro 
THrOTeHHH, 



2 * 
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TEOPH^ HblOTOHOBCKOrO HOTEHUHAJIA 


[rji. I 


HJIH 




Bbi6epeM KaKyK)-jiH6o CHcreMy OTcqeTa Oxyz, Hepea /, j, k 

0603HaHHM eAHKH^Hbie BCKTOpbl KOOpAHHaTHbIX OCCH OX, Oij^ 

Oz. riycTb 




0603HaMHM KOOpAHHaTbl TOMCK A W P COOTBeXCTBeHHO Mepe3 

(a, by c) w {Xy y, z)y a npoeKUHH chjibi F na och Koop^^HHar 
»iepe3 Fxy Fyy F^. Toeab BCKTopHoe paBencTBO (2) mo>kho 
aaMeHHTb TpeMH CKajinpHbiMH cooTHomeHHHMH: 



iJjiH npocTOTbi Bbi6epeM Ha^ajic oTCMexa b tomke A. TorAa 


F:c 


f^x F 



Mm 

-a- 


y, 


F 


.Mm 

/ - 5 - 2- (5) 


r 


r 



x"^ y^ + z 


2 


( 6 ) 


JXjin ynpolueHHH aanHCH HHOPAa BbiroAHO oco6o BbiAejiHXb 


cjiy^aft, KOEAa b npHHHXoft cHCxeMe cahkhu H3MepeHHH m 


1 


(b xo^Ke P noMemeHa eAHHHMHan Macca). Tor^a (j)opMyjibi (1) 
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§ IJ 


H (5) npHMVT BHA 





2. Ecjih b Ka>KAOH To^Ke {x, y, z) npocTpancTBa (hjih 

KaKOH-JiH6o ero qacTH) onpeAeJieHa neKOTOpan cHJia F {x, y, z), 
TO roBopHT, ^TO sa^aHo cuAoeoe noAe. Hojie, onpeAejineMoe 
4)opMyjioH (7), HasbiBaioT u^emipaAtmiM noACM HbwmoHoecKo- 
20 triAeomeHUH. 

B MexaHHKe bboahtch noHHTHe nomeuiiuaAa (hjih cuAoeou 
(pyHKi^uu) noAH. HanoMHHM onpeAeJienne SToro hokhthh. 

OyHKUHH U (x, y\ z) HasbiBaeTCH noTeHunajioM AaHHoro ch- 

jiOBoro nojiH 

F (x,y,z) = Fxi-\- Fyj ^ FJt, (9) 


ecjiH 

dU_ dU_ dU _ 
dx dy dz 



Ecjih Tanan (j)yHKij;HH U {x, y, z) ji,jih AaHHoro CHjioBoro 

nojiH cymecTByeT, to nojie HasbiBaeTcn nomeHi^uaAbHbiM, Ecjih 

y AByx CHjioBbix nojieft CHjiOBbie 4)yHKUHH coBnaAaioT hjih nee 

OTAHHaiOTCH Ha HOCTOHHHOe HHCJIO, TO 9TH HOJIH TOHCC COBHa- 

AaiOT. HHane roBopn, noTCHUHaji a^h AaHHoro (noTCHUHajib- 

HOro) CHJIOBOrO HOJIH OnpeACJIHCTCH C TOHHOCTblO AO npOH3- 

BojibHoro cAaracMoro. BcKTop cHjibi b noTCHUHajibHOM nojie 

onpeAejiHCTCH ^^opMyjioft 



riyCTb B HCKOTOpOH o6jiaCTH HpOCTpaHCTBa SaAaHbl CHAOBbie 

nojiH (})yHKUHHMH Fi (x, y, z), Fa (x, y, z), Fn {x, y, z), 
HMcioiUHMH noTCHUHajibi U-j^{x, y, z), U 2 {x, y, 2 :), . . . 
• ' -y Un {x, y, z)\ jierKO AOKaaaTb, hto a.^h chjiobofo hojih, 

onpeACjiHCMoro BCKTOpOM 

F {x, y^ z) = FI {Xf y, z) -\- F^ {x, y, z) + . .. + Fn (^, y, 2 :) = 

n 

= 2 F* {x, y, z). 

ii=i 
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TEOPHH HblOTOHOBCKOrO nOTEHUHAJIA 


Erji. I 


TO>Ke cymecTsyeT noTCHunaji U {x, y, z), Koropbift paseH 

n 

2 Vk{}c, y, z). 

k=l 

TaKHM o6pa30M, norneHi^uaA cyjHMbi HecKOAbKux cua poeen 

cyMMC nomenyuaAoe amux cua, 

06paTHMCH Tenepb k ueHTpajibHOMy nojiio HbioTOHOBCKoro 

THroxeHHH, saAaBaeMOMy ^opMyjiOH (7). OoKai^KeM, mto dtno 
noAC mAHemcH nomenyuaAbHbiM h mto cpyuKyun 

( 12 ) 



Ho = x^ y^ OTKyAa 




X 

r 


. CjieAOBaxejibHO 



AHajiorH^iHO 




ConocxaBJiHH sxh cooxHomeHHH c 4)opMyjiaMH (8), y6e}KAaeMC5i 
B xoM, Mxo (})yHKU.HH (12) HPJiHexcH .noxeHUHa.xoM nOJIH (7). 

3. dAeMCHmapHou paSomou cuAoeoao yioak na sjieMenxe 
nyxH dr HasbiBaexcn cKajinpHoe npoHSBeAeHHe 

67 = F-dr, 

xaK qxo 

67 - F^x + Fydy + F^dz, (13) 

Boo6iue roBODH, ne o6H3axejTbHO aoji^khp cyiuecxBOBaxb 

(})yHKUHH, i’OXOpOH 3X0 BbipaHCeHUe CJiy>KHX nOJIHbIM AH^)- 

^epenuHaJioM. floaxoMy, bo i!36e:«KaHHe HeAopasyMeHHH, mw 
3Aecb H ynoxpe6jiHeM a^h sjieMenxapHOH pa6oxbi o6o3HaMe- 

HHe 67, a ne dT, Ho ecjiH nojie noxenuHajibHO, xo 67 



BEKTOPHA5I SARHCb 3AKOHA T5irOTEIU15I 


23 



coBnaAaex c 





HxaK, B 3TOM cjiy^ae 

6T = dU, dU — F-dr. 



Ecjih noA AeHCTBHeM nojiH eAHHiiMnan Macca nepeMecxHjracb 

nojio:«KeHHH Q b nojio:«KeHHe P, onHcae neKOTopyK) Ayry QP, 
BbinojiHeHHaH nojie.M pa6oTa T o^peAe.^HeTCH KpHBOJinHeH- 


HblM HHXerpaJIOM 


T 


F-dr 


QP 


B cAyqae noxenuHajibHoro nojiH 


T 


dU 


U{P) 


UiQ), 


QP 


xo ecxb T saBHCHX ne ox nyxH, no KoxopoMy nepeMemaexcH 


eAHKHnnan Macca h3 xo^kh Q b xoMKy P, a xojibko ox nojio>Ke- 
HHH 9XHX xoncK. B MacxHOcxH, B cjiynac uenxpajibnoro Hbioxo- 

. ripn AQ oo H 


HOBCKOrO 


nojiH 


T 



M 


AP 


AP 





M 


AQ 


r naHACM, nxo 


T 



M 

r 


U{r). 


(15) 


TaKHM o6p 


noxenunaji U 


HblOXOHOBCKOrO OOJIH 


HMCeX npOCXOH *H3HneCKHH 


3X0 


pa6oxa, Koxopyio 


BbinojiHHcx nojie npn nepenoce CAHKHnnon Maccbi h 3 6ecK0 


HcnnocxH 

HHH r. 


annyio xoMKy P, oxcxoniuyio 


A 


paccxoH 


Mojkho CKasaxb h xbk: caAoean cpyHKUun U 


9mo 


paooma, Komopyw cnedyem sampamumb, Htnodti npeodoAemb 
npuniAAfceHue Maccbi M u yduAumb edununnyw Moccy na 6ecK0- 


HCHHo doAbiuoe poccmoHHue 
BejiHMHHy — U {x, y 


mi Moccbi M. 

Ha3biBaK)x nomeHuuaAbHou snep 


f/, ^). B cAynae 


paBHa 


fMIr 


sneprHH 


HMeioiACH eAHHHnnyio Maccy 
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TEOPHH HblOTOHOBCKOrO nOTEHUHAJIA 



B MexaHHKe qacTO BbiroAHO cnaqajia Haftra noTenuHaji ch- 
jiOBoro nojiH, a aaieivi ywie CHJiy, j^eflcTByiomyK) b Ka:«K;^OH 

ToqKe nojiH. npH TaKOM cnoco6e BbiqHCJieHHH npHXOAHTCH 

HMexb jiejio jiHUib c OAHOH cKajiqpHOH (|)yHKij;HeH, a k seKTop- 
HbiM BejiHMHHaM nepexo^HTb jiHuib Ha KOHeMHOM axane pac- 

CyH^AGHHH. 

SaftdHH 

1 . KaKoe Tejio npHTHFHBaex JlyHy CHJibHee — SeMJiH hjih CoJiHue? 

1 

Macca SeMJiH MeHbuie Maccbi CoJiHua b y • 10 ® paa h 6 oJibme Maccbi Jlynbi 

B 81 paa. PaccTOHHHe JlyHbi ox SeMJiH okojio 380 000 km, paccxoHHHe 
JlyHbi ox CoJiHua okojio 150-10® km. 

2. /iBe aKXHBHo rpaBHXHpyioii^He Maccbi Mi h M 2 pacnoJio>KeHbi b AByx 
xoHKax Ai u A 2 - HaH;^Hxe noxeHUHaJi rpaBHxauHOHHoro noJiH, coa;;aHHoro 
3XHMH MaccaMH. SnaH paccxoHHHH ri h rg ox naccHBHo rpaBHXHpyioii^eH xo- 
qeHHOH Maccbi m jxo xoneK Ai u A 2 , noJiynHxe (JiopMyjibi ;;jih ghjibi, AOHCXBy- 
lOLnefl Ha Maccy m. 


§ 2. nOTEHUHAJl lUAPA CO CcPEPHHECKHM 
PACnPEAEJlEHHEM njlOTHOCTH 


riycTb HMeexcH xejio V (pHC. 1.2) c Maccoft M u MaxepHajib- 
HaH TOMKa (P, m). Tejio V npHTHEHsaeT TOMKy (P, m) c hcko- 

TOpoH cHJioH F. CHJia F onpe- 

AejinexcH KaK paBHOAeftcTByio- 

lAaH CHJI, C KOTOpbIMH Bce Mac- 

THUbl xejia V npHTHTHBaiOT Toq- 

Ky(P, m). OnHiueM xpaiKO cno- 

C 06 HaxojKAeHHH noxenuHajia 
nojiH xHToxeHHH K xejiy V. JXji^ 
axoro HaM npH^excn bbccxh no-* 

HHXHe nJIOXHOCXH. BblAejlHM B 

xejie V HeKoxopyio qacxbcoS'b- 
eMOM AV. Cpedneu nAomnocmbto 

HasbiBaexcH oxHomenHe Maccbi 

P«c. 1.2. AM 3XOH qacxH k AV. OpeAeji 

6 (Q) axoro oxHomeHHH, Kor^a 
qacxb AV cxqrHBaexcq k xoqKe Q, HasbiBaexcH nAomnocmbfO 

e moHKe Q : 




(1) 
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IlpH MaJioM AV" Mbi HMeeM npH6jiH>KeHHoe paBeHCTBO 

AM ;^6AK, 

Tj{e 6 — njiOTHOCTb B TOHKe Q o6'beMa AV, 06o3HaMaH Mepea 

t paCCT05IHHe OT TOMKH P AO TOMKH Q, HaHAOM <ojieMeHTap- 

HbiH» noTenuHaji nojiH, cosAaBaeMoro qacTbio AV" [lejia: 


OTCioAa HHTerpHposaHHeM naxoAHM Bbipa>KeHHe noxeH- 

AHajia nojiH xejia V 



BejiHMHHy cHJibi F mo>kho BbipasHTb qepes noxeHUHaji no 
^opMyjie (11) npeAbiAyiuero naparpa^a. 

Bo MHornx cjiyqanx, KaK ynoMnnajiocb bo BBCAennH, b xeo- 
pnn npHTn:«KeHHH MaTepnajibHbie xejia saMenniOT Maiepnajib- 
HbiMH TOHKaMH. OpH 3T0M ecTecTBeHHO cMHiaib Maccy xejia 
cocpeAOToneHHofi b ero uenipe THJKecTH. MbicjienHO cocpeAO- 

ToqHM BCK> Maccy M xejia V b ero ixenipe TH:«KecTH 0 u noAcqn- 
xaeM CHjiy, c Koxopoft sxa (cocpeAOxoqenHan) Macca npnxHrn- 
Bajia 6bi xoqKy {P,ni). FIojiyqnM neKoxopyio noByio cnjiy Fi- 
CnpaBCAJiKBO jin paBencxBO F^=^ F^ Hnaqe roBopn, nsMe- 
HHXCH jiH cHJia, c KoxopoH xejio V npnxHrnBaex MaxepnajibHyio 
xoqKy (P, m), ecjin bck) Maccy xejia cocpeAoxoqnxb b ero 
uenxpe XHJKecxn? OKasbiBaexcH, qxo, BOo6Lue roBopn, nsMe- 
HHXCH. Bojiee xoro, mojkox oKasaxbcn, qxo CHJia F Aa^e 
H He HanpaBJieHa k ixeHxpy xmecxH xejia. OAHaKO ecxb xaKHe 
oqeHb BajKHbie jijih npaKXHKH cjiyqaH, KorAa cHJibi Fi n F 

coBnaAaiox. JVajiee Mbi noKajxeM, qxo sxo HMeex Mecxo, b qacx- 

HOcxH, ecjiH xejio nBJinexcH mapoM c xaK nasbiBaeMbiM c^^epn- 
qecKHM pacnpeAejieHHeM haoxhocxh, a xoqna (P, m) naxo- 

AHxcH BHe 3xoro mapa. 

Ecau eo ecex moHKax, paenoydaAenHbix om yennipa mapa, 
nAomnocmu pasHbi, xo roBopnx, qxo map umeem ccpepunecKoe 
pacnpedeAenue nAomnocmu. FlpocxeHinHM npHMepoM xaKoro 
mapa SyAex OAHopoAHbift map. B 3 xom cjiyqae bo Bcex xoqKax 

map a njioxHocxb oahb n xa Ace. B o 6 iucm cAyqae moh^ho ce6e 
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TEOPH5I HbK)TOHOBCKOrO HOTEHUHAJ1A 


[rJI. 1 


HarjiHAHO npeACTaBHTb map co c(|)epHMecKHM pacnpeAejieHneivi 

nJlOTHOCTH KaK COCTaBJieHHblH H3 OAHOpOAHbIX C(|)ep, HMeiOIUHX 

o6mHH ueHxp h nacjiaHBaioiAHXCH oAHa na ApyryK). 

HaflAGM CHJiy, c Koxopoft laKoft map npHTHrHBaex Maxe- 
pnaJibHyio xo^Ky P, HMeioiuyio eAHHH^Hyio Maccy h JiejKaiuyio 
BHe mapa. JXji9i sxoh uejiH Mbi CHa^ajia noACMHxaeM noxenuHaji 

mapa Ha sxy xoHKy P (xo ecxb SHaneHHe b xomkc P noxenunajia 

nojiH xHFoxeHHH K mapy). /Ijih ynpoii;eHHH BbiKjiaAOK BbiHHC- 



jiHM CHanajia oahh bcho- 

MoraxejibHbiH HHxerpaji. 

J1 e M M a. Ecjih 



Phc. 1 . 3 . 


PeoMexpHHecKH t moh^ho 


HCXOJIKOBaXb KaK paCCXOH- 

HHe ox xoHKH A (p COS q), p sinq)), jioKaiAefl Ha OKpyncHOC- 
XH X^-l- 2^^-=- p^ AO XOHKH P, JICH^aUiCH Ha JiyHC Oz (phc. 1.3). 

Hnxerpaji BbrnHCjinexcn b npeAnojiOHvCHHH, hxo xohkb A 
npo6eraex AyryC/lD (npaByio nojiyoKpyn^HOcxb napnc. 1.3). 
/loKaaaxejibcxBO. Tan KaK 
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rioSTOMy 

—■?t/2 /--f-p 

B qacTHOCTH, npH p HaftAeM: 



T e o p e M a 1 . Ecau map UMeem ccpepmecKoe pacnpedeAe- 
Hue riAomHocmu, mo eeo nomeHi^uaA na enemnioto moHKy ne 
wmeHumcH, ecAu ecto Maccy tiiapa cocpedomoHumb e eeo u^enmpe. 



Phc. 1 . 4 . 


floKasaiejibCTBO. flycTb M — Macca uiapa, 
R — ero paAHyc, 6 (p) — njiOTHOcTb uiapa b to^kb, otctoh- 

U^eft OT UCHTpa Ha paCCTOHHHH p. riOJlOJKeHHe TOMKH A BHyxpH 

uiapa xapaKTepHsyeTCH c^^epHuecKHMH KoopAHHaiaMH p, (p, X. 

SAecb p —paccTOHHHe tohkh A ot uenipa uiapa; (p — mnpo- 
Ta TOHKH A, X — AO-^roTa 3toh tohkh. 
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TEOPH5I HblOTOHOBCKOrO ROTEHUHAJIA 


CrJT. I 


Bbipe>KeM H3 mapa 9.neMeHT o6'beMa AV" c noMoiubio cjie- 

AyioiUHX noBepxHOCTeft (pnc. 1.4): 

a) AByx c(})ep pa^HycoB pH p + dp cooTBexcTBeHHo; 

6) j[Byx MepHAHOHajibHbix njiocKocTeft, o6pa3yK)iUHX c 

ocbK) Ox yrjibi X u X dX\ 

b) AByx njiocKOCTeft, onpe^ejiHeMbix cjieAyioiUHMH AByMH 
TpOHKaMH tomek: 

0, A (p, (p, X), B (p, (p, X + dX)\ 

0, C (p, (p + dcp, X), f (p, (p + d(f, X + dX). 

HexpyAHo noACHHxaxb, hxo c xomhocxbk) ao 6ecK0HeqH0 Majibix 

nopHAKa Bbime nepBoro (oxHOCHxejibHO dp, d(f, dX) 

AC = pd(p, AB = p cos (pdA,, AD = dp. 

rioaxoMy sjicMCHx AV HMeex 061)6]^ 


Ero Macca 


dV = p^ cos (pdpdtpdA. 
dM — 6 (p) p^ cos (pdpdtpdA, 


Macca Bcero uiapa 

M = 6 (p) p^ cos (p dp d(p dX = 


V 


xo ecxb 



riycxb xenepb b xomkc P noMciucHa eAHHHMHan Macca. Mbi 
MO>KeM cMHxaxb, qxo xoMKa P Jie:«KHX Ha och Oz. rioxenuHaji 

Maccbi dM Ha xoHKy P paBCH / tac t ^AP\ OP = r'^R, 


rio ^opMyjie (2) naxoAHM xenepb noxenuHaji nojiH mapa 

B xoHKe P: 
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§ 2l 

H BbmHCJieHHH U MO:«KHO BOCnOJIbSOBaTbCH AOKaaaHHOH 

jieMMoft: 

R Ti/2 n 

f/ = /^ 6 (p) p^dp ^ dcp dA, = 

0 — V2 —^ 

==f4n^%(p)p^dp=/f . (7) 

0 

Ho B TO^HOCTH TaKOH 7Ke BOTeHUHaJI Ha TOHKy P MbI nOJiyHHM, 

ecJiH cocpeAOTOHHM BCK) Maccy mapa b ero ueHxpe 0. TeopeMa 

AOKasana. 



Phc. 1.5. 


CjieACTBHe. Cnjia, c KOTopoft map co c(J)epHqecKHM 
pacnpeAejieHHeM hjiothocth npHTHrHBaex jie>Kamyio bhb ero 
MaxepHajibHyio xoHKy (P, m), He HSMeHHxcn, ecjiH bck) Maccy 
mapa cocpeAoxoHHXb b ero uenxpe. 

OnHpancb na axo cjieAcxBHe, cACJiaeM Ban^Hoe saKJHoneHHe 

o CHjie BsaHMOAeftcxBHH deyx mapoe, HMeiouiHx c(J)epHHecKoe 

pacnpeAejieHHe hjioxhocxh h pacnojioH^eHHbix oahh BHe 
Apyroro. Hoa chjioh, c Koxopoft oaho xejio npHxnxHBaex 
Bxopoe xejio, noHHMaiox paBHOAeHcxByiouiyio Bcex chji, c ko- 
TopbiMH HacxHUbi nepBoro xejia npHXHXHBaiox HacxHUbi bxo- 

poro xejia. 
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TEOPH^l HhRDTOHOBCKOro HOTEHUHAJlA 


[rji. 1 


TeopeMa 2. Ecau dea mena HSAfuomcH eHetuHepacnoAO- 

otceHHbiMu luapaMu'^) CO c(pepuHecKUM pacnpedcAenueM nAomno- 

emu, mo cuAU, c Komopou odun U3 nux npumfieueaem k cede 
dpyaou map, ne usMenutncH, ecAu maccbi amux mapoe coepedomo- 
Humb e ax tienmpax, 

JXoKasaTejihCTBO. OOosHaqHM Maccbi mapoB ^e- 
pea Ml H AI 2 , ueHTpbi mapoB Mepea 0^ h O 2 . BbiAejiHM BHyipH 
nepsoro luapa (pnc. 1.5) sjieMeHT oOT^eMa dVi c Maccoft dMi, 

Ecjih «Tejio» dVi AOCTaxoMHO Majio, to mo>kho paccMaxpHBaTb 
ero KaK MaiepHajibHyio TOMKy h bck) ero Maccy cMHiaib coepe- 

AOToqeHHOH b oahoh KaKoft-JiHOo ToqKe Pi. TaK KaK BTopoft 
map HMeex c^epHMecKoe pacnpeAejieHHe bjigthocth, to CHjiy, 

C KOTOpOH OH npHTHTHBaeT SJieMeHT dMi, MOH^HO CHHTaTb 
paBHOH 



H HanpaBJieHHOH no npHMofi ot Pi k O 2 . B cHjiy TpeTbero aa- 
Kona HbioTOHa sjieMeHT dMi npHTHTHBaeT BTopoH map c ch- 

JIOH, paBHOH fM2-dMi/\02Pi\^ H HanpaBJieHHOH ot O2 k Pi. 
Ho B TOHHOCTH G THKOH >Ke CHjiOH npHTHTHBaeT Macca dMi 

Tonennyio Maccy Mg, cocpeAOToneHHyio b tohkc O 2 . FIosto- 
My paBHOAeftcTByioiuaH Bcex chji, c kotophmh ece ajieMen- 
Tbi dMi nepBOTo mapa npHTHTHBaioT BTopofi map, paana 
paBHOAeHCTByioiueH chji, c KOTopbiMH sjieMeHTbi nepBOTO 
mapa npHTHTHBaioT Tonennyio Maccy AI2, cocpeAOToneHHyK) 

B TOHKe O2. 

TaK KaK nepBbiH map TaKXce oOjiaAaeT c(|)epHHecKHM pac- 
npeAeJicHHCM hjigthocth, to coTJiacHO cjieACTBHio h 3 npeAbiAy- 

lACH TeopeMbi 3Ta paBHOAeftcTByiomaH paBHa /M1M2/I O1O2 1^ 
H HanpaBJieHa no npHMoft O 1 O 2 . A sto h Tpe6oBajiocb 

AOKaaaTb. 

PaccMOTpeHHbie b 3 tom napaTpacjie cjiynaH BecbMa Ban^Hbi 

AJIH KOCMOHaBTHKH. B HaCTHOCTH, npH HayHCHHH ABHJKCHHH 

HCKyccTBCHHbix cnyTHHKOB ScMJiH B TCHCHHe HeOojibmoTo npo- 
MejKyTKa speMCHH (nopHAKa OAHOTO-AByx oOopoTOB cnyTHHKa 


*) To ecTb TaKHMH mapaMH, paccroHHHe Me>K;;y ueHTpaMH Koxopbix 
OoJibuie cyMMbi hx pa;;HycoB. 


nOTEHUHA.n UJAPA 
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§ 21 

BOKpyr 3 eMjiH) mh nojiy^HM yAOBJieTBopHTejibHyio HH(})opMa- 

UHK) 06 9T0M ABHJKeHHH, eCJIH 6yjieM C^HTaTb 3eMJIK) LUapOM 
CO c(})epH^ecKHM pacnpcAejicHHCM njiOTHOCTH, a cnyxHHK — 

MaiepHajibHOH tomkoh. 

SaAaHH 

1. npe^cTaBHM ce6e raHxejib (pHc. 1 . 6 ): ;^Ba MaxepHajibHbix mapa A 

H B paBHOH Maccbi m, coe;;HHeHHbix He;;e(j)opMHpyeMbiM CTep>KHeM, Macca 
KOTOporo HHMT0>KH0 Majia no cpaBHCHHio c MaccoH iiiapoB. raniejib npHTH- 

rHBaex c neKoxopoft chjioh xoMennyK) Maccy M, noMeineHHyio b xomko P 
na ^po;^oJI>KeHHH oxpesKa AS. HaMennxcH jih axa cHjia, ecJiH bck) Maccy 
ranxejiH cocpe;;oxoMHXb b ee uenxpe xh^kccxh (xo ecxb b cepe;^HHe 0 oxpea- 
Ka AS)} 



Phc. 1.6. 


2 . OAHOpO;;HblH npHMOJIHHeHHblH MaCCHBHblH CXep>KeHb npHXHPHBaeT 
MaxepnaJibHbiH mapHK, npnqeM cxep>KeHb h mapHK pacnoJio>KeHbi na o^hoh 
npHMOH (pnc. 1 . 7 ), HaMennxcH jih CHjia, c Koxopoft cxep>KeHb npHxnrHBaex 

A O B ^ 


Phc. 1.7. 

mapHK, ecjiH cocpe;;oxoHHXb bck) Maccy cxep>KHH b ero uenxpe xHiKecxH? 
B pacnexax npenedpenb xojiiuhhoh cxep>KHH h pasMepaMH mapHKa, xo 
ecxb cxepiKenb paccMaxpHBaxb Kan npUMOJinneftHbiH oxpeaoK, a mapHK — 
KaK MaxepHajibHyK) xoMKy. 

3 . Ilycxb HMeexcH ounopounan MaxepHaJibHan c^iepa (noBepxnocxb 
mapa). /],oKa>KHxe, mxo cHJia, c Koxopoft axa c^iepa npHXHXHBaex MaxepH- 
ajibnyio xonKy, JiejKaiuyio Bne c^iepbi, ne HSMenHxcH, ecjiH bck) Maccy c^ie- 
pbi cocpeuoxoHHXb B ee uenxpe. Ocxaexcn jih axo yxBep^Kuenne BepnbiM, 
ecjiH xouKa jie>KHx BnyxpH c^iepbi? Kan o 6 cxohx u^jio b sxom cjiynae? 

4. HeKoxopbie ocodennocxH uBH^Kenun cnyxnuKa Mapca Oo6oca 
npHBejiH coBexcKoro acxponoMa H. C. LUkjiobckopo k npeunoJio^KenHio, 

MXO O060C HBJIHeXCH tlOAblM XeJIOM (BepOHXHO, HCKyCCXBeHHOrO npOHC- 

xo>K;;eHH5i). 

EyACM nojiaraxb, mxo Oo 6 oc npe^cxaBJinex co 6 oh oahopoahhh noJibiH 
iBap (xo ecxb xejio, orpanuMennoe AByMU KonuenxpHMecKHMH cijiepaMH 
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TEOPHH HblOTOHOBCKOrO nOTEHUHAJlA 


[rJT. I 


pa^Hyca R h R^, Ri<C^)- Ecjih noMecTHTb MajioeTejio («MaTepHaJibHyK)Toq- 
Ky») B ueHTp nojioro mapa, to, oqeeHAHO, cHJibi, ;^eHCTByK)ii;He na sto lejio, 


9 


ypaBHOBecHTCH. HaHAHxe 


3yjibTHpyK)ii;yK) CHJiy 
POH O 060 C nDHTHFH: 


^Te pe- 

C KOTO- 


npHTHFHBaeT Ma- 


A 


7 




E 


0 


F 




X 


TepHajibHyK) ToqKy (eAHHHqnoH 
Maccbi), noMeiii.eHHyK) b npou 3 - 
eoAbHod ToqKe P BHyrpH ero 
noJiocTH (to ecTb BHyxpH c^e- 

pbi pa^Hyca R^. 

5. Hexbipe paBHbix o;^ho- 
poAHbix mapa, Ka>KAbiH c Mac- 

COH M. HMCIOT CBOHMH UCHT- 


paMH 


BepmHHbi 


MH UeHT- 
KBa;^paTa 


i 


y 


A 


AiA< 2,A^A^ (pHC. 1.8) CO CTOpO- 

- \ hoh a. HanpHMOH EF, cocah- 

HHK)iii.eH cepe;;HHbi ;^Byx npo- 
THBonoJio^Hbix CTopoH KBa;;- 

Phc. 1.8. paxa, na paccTOHHHH a ot ero 

ueHTpa pacnoJioJKena MaxepH- 
ajibHan Toqxa (P, m). Hsmchhtch jih cHJia, c KOTopofi qeTBepxa mapoB 
npHTHFHBaeT ToqKy (P, m), ecjiH cyMMapHyio Maccy othx mapoB cocpe- 

AOToqHTb B ueHTpe CHMMCTpHH KBa;^paTa? 


Phc. 1.8. 


§ 3. nOTEHUMAJI TEJIA HEC4>EPHHECKOB 
CTPVKTyPbl 

1. riycTb HMeeTCH xejio, ne HBJiHioiii.eec5i mapoM co c(j)e- 
pH^ecKHM pacnpeAejieHHeM njioTHOcxH. PaccMoxpHM sa- 
Aaqy HaxoHvAeHHH noTeHunajia TaKoro xejia na BHemnioK) 

TO^Ky P, 

06o3HaHHM AaHHoe xejio qepes V, ero Maccy qepes M, ero 
6apHueHTp (ueHxp xhjkocxh) nepes 0. Flycxb / — jiiodan npn- 
Man, npoxoAHUian nepes 0. MoMenmoM uHepUfUu xejia oxho- 

CHxejibHo ocH / HasbiBaexcH b MexaHHxe cjieAyiomaH bojih- 

HHHa: 

( 1 ) 

dM — 3JieMeHX Maccbi, a r — ero paccxoHHHe ao och /. 
JXji9{ KajKAoro xejia cymecxByex xpofixa BsaHMHo nepneHAH- 
KyjinpHbix oceft Og, Or], 0^, HasbiBaiouiHXCH rjiaBHbiMH ochmh 
HH epuHH (pHC. 1.9). 3 xh och npoxoAHX Hepes ueHxp xhhcccxh 
xejia 0 H xapaKxepHsyioxcH xcm cbohcxbom, hxo momchx 



nOTEHUHAJl TEJIA HECOEPH^ECKOH CTPyKTyPbl 
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HHepuHH Tejia OTHOCHTejibHo jik)6oh och / BbipajKaexcH 
qepes MOMeHra HHepuHH Toro Me xejia oxHocHxejibHO rjiaBHbix 

oceft i4, 5, C no (|)opMyjie 


Ji 


A cos^ a + 5 cos^ P + 


+ C cos^ X, 


( 2 ) 




tag oCy P, T — yrjibi Me>K- 
Ay OCbK) / H OCHMH 0 
0^, 0^ 

Ecjih 6bi Bcn Macca 
M xejia V 6biJia cocpeAo- 
xonena b ero 6apHueHxpe 
0, xo noxenunaji xejia na 
xonKy P 6biji 6hi paaen 
/M/r, xAe r = OP. B Aen- 

CXBHXeJIbHOCXH }Ke, KaK 

MOJKHO noKasaxb, noxen- 

unaji xejia V na xy >Ke 
xoHKy P MOJKex 6bixb npeA- 

cxaBAen b BHAe decKOHennoro cxoAnmerocH pnAa, pacnoAo- 
>KeHHoro no B03pacxaK)uj,HM cxenennM BeAHnnnbi Hr. 3xox 
pnA HMeex bha 


Phc. 1.9. 


U 



■M\ A + B + C 

L '•r 


3/ 


i 


r 


3 


+ 


(3) 


SAecb I — ocb OP. 

Mo>kho noKasaxb, nxo ajih xe^a V co c4)epHnecKHM pacnpe- 

AeAenneM baoxhocxh Bce CAaraeMbie b CKofeax, KpOMe nep- 
Boro, paBHbi nyAK) (b nacxnocxn, xoxAa Ji A = B = C). 
Ecah xeAO no CBoen cxpyxxype mbao oxAnnaexcn ox xaKoro 
luapa HAH ecAH xohkb P HaxoAHXcn AaAexo ox xohkh 0 (r Be- 
AHKo), xo U 6yAex mbao oxAHnaxbcn ox nepBoro CAaraeMoro 
B 4>opMyAe (3): 



TbKHM 06pa30M, B nepBOM npH6AH>KeHHH mo>kho h b sxhx 
CAynanx cnnxaxb bck) Maccy xeAa cocpeAOxoneHHOH b ero 

uenxpe xnjKecxH. Oahbko aah noAyneHHn 6oAee xohhbix pe- 

ayAbxaxoB Heo6xoAHMO yqnxbiBaxb xoxn 6bi HeKOXopbie h3 

ox6pomeHHbix hachob b ^^op^yAe (3). 

^ M. B. BajiK 
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TEOPH5I HblOTOHOBCKOrO nOTEHUHAJlA 


[rJT. I 


PaccMOTpHM npHMep. HocTaTOHHo xopomHe npornosbi otho- 

CHTeJIbHO ABHJKeHHH BbICOKOJieTHlUHX CnyTHHKOB ScMJIH (hB- 

npHMep, o6pamaK)mHxc5i Ha Bbicore 40—50 thc. km) mo>kho 
nojiyHHTb, ecjiH cHHTaxb SeMjiio mapoM co c4)epHHecKHM pac- 
npe^ejiCHHeM hjiothocth. TaKoe AonymeHHe, xaK mh y>Ke ot- 

MBTHJiH Bbime, npHBeAex k nojiesHOMy nepBOMy npHdjiHHceHHio 
H B cjiynae HHSKOjiexHmero cnyxHHKa, ecjiH Hac HHxepecyex 
ero ABHJKBHHe JiHUib B xeneHHe He6ojibmoro npoMejxyxKa Bpe- 
MeHH. Ecjih me Hac HHxepecyex ABHHceHHe HHSKOJiexHmero 
cnyxHHKa Scmjih b xencHHc A^HxejibHoro npoMencyxKa BpcMC- 
HH, xo AJiH nojiyHCHHH pesyjibxaxoB, xopomo corjiacyiomHXCH 
c npaKXHKOH, Heo6xoAHMO nojibsoBaxbCH ;i,pyroft, 6ojiee xoh- 

HOH MOACJIbK) SCMJIH, HanpHMCp paCCMaXpHBaXb SeMJIIO KaK 

OKaxbiH c(j)epOHA (sjuimhcoha BpameHHH). B eme dojibuiefi 

Mepe xaKOH hoaxoa nojiesen npw HsyneHHH abhjkchhh HCKyc- 
cxBCHHbix cnyxHHKOB ApyrHx HJianex, nanpHMep lOnnxepa, 

Henxyna, Mapca, Koxopbie snaHHxejibHo 6ojiee cnjiiocHyxbi, 
HCM ScMJiH. B KanecxBe Mepbi cnjiiocHyxocxH (cHcaxHH) njiane- 

xbi npHHHMaiox oxHomcHHe 




PAc R 


3KB 


3KBaxopHajibHbiH paAHyc njianexbi, R 


noji 


no- 


jinpubiH paAHyc. HanpHMep, a«/ih Scmjih 


vT 


r 


P 


r 




0 


/ 


X 


Phc. 1.10. 


a 

a 


V 

np 


150 » 

60 - 


/goo, mu Mapca 

AJiH lOnHxepa 


UpHHHMaH, HXO CHJia, c 
KOXOpOH 6 jIH 3KHH cnyxHHK 

npHXHXHBaexcH k CHcaxoft 
Hjianexe, Bce BpeMH nanpaB- 


BpeMH HanpaB 


y jiena k ee ueHxpy, mh mo- 


>KeM 


npHHXH 


na>Ke 


60HHbIM BbIBOAaM. 

2. PaccMOXpHM He< 
KO noApo 6 Hee Bonpoc 


cHcaxoro c(j3epoHAa 


Ha pacnojiOHceHHyK) bhc ero xoHKy P (pHC. 1.10). 

06o3HaHHM Maccy C(j)epoHAa nepes M, a ero SKBaxopHajib- 
HbiH paAHyc Hepe3 R. Bbi6epeM-HenoABH^KHyio (HHepuHajibHyio) 




nOTEHUHAJT TEJIA HECC)EPHqECKOH CTPyKTyPbl 
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CHCTeMy oTCMexa Oxyz c naqajioM b ueHTpe CHMMeipHH c(j)epo- 

HAa; aa njiocKOCTb Oxy npHMeM ero SKBaTopHajibHyio njioc- 

KOCTb. OoJIOJKeHHe TOHKH P MO>KHO OXapaKTCpHSOBaTb jih 6 o 

TpeMH ;;eKapTOBbiMH Koop;;HHaTaMH x, y, jih 6 o TpeMB c(^e- 
pH^ecKHMH KOOpAHHaraMH r, O, X, r^e r = OP, O — uinpoTa 

TOHKH P, TO ecTb yroji naKJiOHa BeKTopa OP k SKBaxopHajibHOH 
njiocKocTH, X — AOJiroTa tohkh P. 

npeAnojio>KHM, HTO BO Bcex TOHKax c 4 )epoHAa, HMeiomHX 

o;i,HH H Te >Ke Koopj^HHaxbi r h (I>, ho pasHbie SHaneHHH aojifo- 

Xbl A/, nJIOXHOCXb OJ^Ha H Xa >K 6 (b XOHKaX, CHMMCXpHHHbIX ox- 

HOCHxejibHO njiocKOcxH SKBaxopa, njioxHocxb mojkex, BOo 6 me 
roBopH, OKaaaxbCH pasjiHHHOH). FIoxeHUHaji C(j)epOH^a Ha xoh- 

Ky P mo>kho npe^cxaBHXb 6 ecKOHeHHbiM pn^OM 

(/ = ^ [ I + y, (4)’ P, (sin 4>) + )V, (sin ®) + 




Pi (sin < 1 >) + 



3^0Cb J 2^ J J Ay 


HCKOTopbie snojiHe onpeAe.neHHbie jijifl 


AaHHoro cq)epoHAa KOHcraHTbi, aasHCHuiHe ot ero 


pasMepoB, 

$opMbi H pacnpeAejieHHH Macc BHyrpH Hero, a Pg (q), P 3 (q), 

no,aHHOMaMH Jle- 

H<aHApa, KOTOpbie mojkho onpeAejiHTb c noMombio 4 )opMy,nbi 


Pi (q) . 


iyHKHHH OT t, HasbiBaeMbie 



HanpHMep, 






SaMCTHM, 

c(J)epoHAa 


hto OKaToro c(J)epoHAa < 0 . A-aH seMHoro 

^2 = — (1082,23 ± 0,03) -lO-®, 

= ( 2,3 ± 0 , 2 )- 10 -«, 

Ji = ( 2,12 ± 0 , 05 ) -lO-®. 


3* 
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[rji. I 


% 

^JieHbl pHAa (5) HBJIHIOTCH, OHeBHAHO, nepHOAHHeCKHMH 
(j)yiiKUH5iMH OT O (c nepHO^OM 2n). Ohh nasbiBaioTCH aoHUAb- 

HbLMU eapMOHUKaMU COOTBeTCTBeHHO HyjieBOrO, BTOporO, TpeTb- 

ero H T. A. nopHAKa. 

Hs (5), orpaHHHHBancb TOjibKo nepBbiMH AByMH qjienaMH 

pa3Jio>KeHH5i, nojiy^HM npH6jiH}KeHHyK) (j)opMyjiy noxeH- 

UHajia c(j)epOHAa 

M r 




B TOM cjiy^ae, Kor^a C(j)epoHA o6jiaAaeT MexaHH^ecKofl chm- 

MexpHefl OTHOCHTejIbHO SKBaTOpHajIbHOH njIOCKOCTH (to eCTb 
B TO^IKaX, CHMMeTpHHHbIX OTHOCHTeJIbHO 3T0H BJIOCKOCTH, 

njioTHocTb OAHa h xa >Ke), ero noxenuHaji Ha Jiiodyio BHemnioK) 

TOHKy P MOHcex 6biTb BbiHHCJieH no 6ojiee npocxoft 4)opMyjie, 

neM (5): 

= +A (4-)'^2(sin(D) + /4-(7-)'^4 (sinCP) + 

+ /e ^6[(sin (P) + . . . . (8) 

SaMexHM, HTO B cjiynae seMHoro c(j)epOHAa BjiHHHHe soHajib- 

Hbix rapMOHHK nopwKa Bbime nexBepToro Majio, a K03(j)(j)H- 

UHCHTbi Jk npH ^ > 4 HSBecTHbi BocbMa rpy6o. no3TOMy npH 

HSyneHHH ABHJKeHHH HCKyCCTBeHHbIX CnyXHHKOB MOJKHO nojiy- 

HHTb xopomee npH6jiH>KeHHe, ecjiH b (j)opMyjie U npene- 
6peHb HJieHaMH, b Koxopbix Mr bxoaht b cxeneHH Bbime nex- 
BepxoH. OAHaKO xaKofl noAxoA npHBOAHX k BecbMa rpoMOSA- 
KHM BbiKJiaAKaM, a pacnexbi xpaeKXopHH OKasbiBaioxcn oneHb 

AJIHXejIbHbIMH. 
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nOTEHUHAJI TEJIA HECOEPHH ECKOPi CTPyKTyPbl 


B Te^eHHe nocjieAHHX Jiex 6 biJio npeAJiojKeno necKOjibKO 

pasJiH^Hbix cnoco 6 oB TaKofl saivieHbi noTeHunajia OKaxoro 


c(j)epoHAa ApyrHM 


6jih3khm noTeHUHajiOM, npn KOTopoH 
ji^aJibHeHiiiHe pac^era abhjkchhh cnyxHHKa CTanoBHTCH ana- 

qHxejibHO Menee rpoMOSAKHMH [M. JX- Khcjihk (CCCP), 
JXya. n. Bhhth (ClIIA)]. BecbMa HHiepecHbifl cnoco6 6biji npeA 
jioH^eH B 1960—1962 ro^ax E. O. AxceHOBbiM, E. A. rpe6eHH- 

KOBblM H B. r. fleMHHbIM [1.1]. HsJIOJKHM CrO CyiUHOCTb. 

OycTb HMeioTCH jiBe (aKTHBHO rpaBHTHpyiomHe) TOHeHHbie Mac- 
cbi Ml H yW 2 , pacnojio>KeHHbie b AByx (j)HKCHpOBaHHbix (ne 

MeHHioiUHX CBoero nojio>KeHHH) TO^Kax Ai w otctohiij,hx 
;^ pyr ot Apyra Ha paccTOHHHH 2a. MaxepHajibHbie xohkh 
(A i, Ml) H (As, M 2 ) cosAaiox CHjiOBoe nojie c noxenuHajiOM 



tab Ti H — 3X0 paCCXOHHHH OX XOHCK Ai H A 2 AO XOHKH 

(P, 1) cahhhhhoh Maccbi. Ecah b neKOXopofl npHMoyroAbHoft 
CHCxeMe KOopAHifax xohkh Ai, A 2 h P hmciox cooxBexcxBeHHo 

KOopAHHaxbi (0, 0, —a), (0, 0, a) h {x, y, z), xo 

r^ = }^x^ + i/^+ (2 + a)^ I 

Ta = Vx^ + !/^ + (2 — a)^- I 

riycxb HSBecxHbi noAOHceHHe h CKopocxb xohkh P b oahh xa- 
KOH-xo MOMeHX BpeMCHH H xpe6yexcH onpeAeAHXb ABHJKeHHe xoh- 

KH P (xo ecxb HaflXH nOAOJKCHHe H CKOpOCXb XOHKH P B AK)6oft 

ApyroH MOMCHX BpeMCHH). 3xa saAana, Koxopan hochx Ha- 
3BaHHe sadaHu 0 deyx (puKcupoeaumix tienrupax, 6hiJia pemena 

B aaMKHyxoM bhac eme b XVIII bckc H3BecxHbiM MaxeMaxHKOM 
Jl. SftAepoM. 

Hac 6yAex HHxepecoBaxb cAynafl Mi = M 2 = y M. 

HsBecxHbie mcxoabi pemeHHH aaAaHH 0 AByx (j)HKCHpoBaH- 

Hbix ueHxpax npHMeHHMbi h aah xoro CAynan, KorAa HCKOxopoe 

CHAOBoe noAe saAaexcH noxenuHaAOM bhab (9), xAe a — hhcxo 
MHHM oe HHCAo: a = ci {c ^0, i — MHHMan CAHHHua). OpH 

3XOM Ti H ^2 OKaabIBaiOXCH MHHMbIMH, HO COnpH>KeHHbI- 
MH HHCAaMH feCAH OAHO H3 HHX HMCeX BHA A + Bi, TO BXO- 

poe HMeex BHA A — Bi). FloaxoMy —npn Hameft oroBOpKe, 
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[TJ]. I 


HTO M 2 M, — noTCHUHaji Uq 6yAeT Beiii.ecTBeHHOH 

(j)yHKUHeH 

u,=^fM (11) 

z \ fi 

r^e__ __ 

— Y ij- ( 2 : + cif, (2 — cif. 

( 12 ) 

JJjiH Hac cefl^ac HecymecTBCHHO, npH KaKOM HMeHHO pe- 
ajibHOM pacnpeAejieHHH iviacc mojkct BOSHHKHyxb laKoft noxen- 
UHaji,— BajKHo xo, ^xo npH xaKOM noxeHunajie mojkho nojiy- 
HHXb i^ocxaxoHHO yAo6Hbie (j)opMyjibi, onHCbmaiomHe ABHJKeHHe 

MaxepHajibHOH xo^kh P. B xeopHH nojiHHOMOB JlejKaHApa 
ycxaHaBJiHBaexcH xaKan (j)opMyjia: 

^ . .- = i (^). (13) 

X 1 — 2Xa + „ti 


riojibsyncb eK), mojkho pasJiojKHXb (})yHKUHK) (/q b pk^ no no- 
jiHHOMaM Jle>KaHApa. FIojig^khm b sxoh (j)opMyjie \ — zir — 


sin O, TAe r — + 2 ^, n a 


nxo 


ToxAa Ha&AeM, 


1 


^2 


AnajiorHnno 





oxKyAa 




CpaBHHM (j)opMyjibi (8) n (14). Ecjih nojio>KHXb c~ Y — 

( — J 2 — nojiojKHxejibHoe nncjio), xo y pn^OB (8) n (14) OKa- 
HcyxcH cooxBexcxBeHHo paBHbiMH nepBbie ABa nAena. Hhcaoh- 
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HbiH noACHCT noKasbiBaeT, hto TpexbH njieuhi y sthx phaob 
o6bmHO TO>Ke AocTaTOHHo 6 jih3kh (HanpHMep, ecjin pe^b hact 


0 seMHOM c4)epOHAe). Flojiaran A 


U 


U 


o> 


HMeeM 



Uq + A. 


TaKHM o6pa30M, noTCHUHaji c4)epoHAa pacnaAaeTCH na ABa 

cJiaraeMbix, h 3 KOTopbix oaho (f/o) MaAO OTAHHaercH ot U\ 
BTopoe cAaraeMoe A He TOAbKO MaAO, ho eiii,e coAepscHT napa- 

Mexpbi, KOTopbie npaKTHHecKH onpeAeAHioTCH BecbMa neTOHno. 

Uq mo>kho Ha3BaTb HopMUAbHOu coctnoGAHiomeu tiomeHUfUaAa 
ccpepouda, a A — ero anoMaAbnou nacTbio. TpaBHiauHOHnoe 
noAe c HOTeHUHaAOM Uq mojkho naaBaib HopMUAbHbiM apaeu- 
maUfUOHHbLM noABM ccpepouda, Ha npaKTHKe npH HayneHHH 
ABH>KeHHH cnyxHHKa B noAe OKaxoro c(j)epoHAa mh noAyHHM 
AOcxaxoHHo xopouiHH peayAbxax, ecAH BMecxo hoah c noxen- 
UHaAOM U 6yAeM pacciviaxpHBaxb ABH>KeHHe cnyxHHKa b noAe 

c HoxeHUHaAOM Uq. Ta >Ke habh HcnoAbaoBaHHH noxenuHaAa 
3aAaHH AByx HenoABH>KHbix uenxpoB (9) npH mhhmhx anane- 

HHHX HeKOXOpbIX HapaMCXpOB (paCCXOHHHH, Macc) UOTKeT 6bIXb 

npHivienena h xoro cAynan, KorAa c(j)epOHA ne o6AaAaex 

MexaHHHeCKOft CHMMexpHefl OXHOCHXeAbHO 3KBaX0pHaAbH0H 

HAOCKOCXH. rioxenuHaA c(j)epoHAa b sxom CAynae HMeex bha 

(5) H aaMennexcH noxenunaAOM bhab (9), ho c KOMHAeKCHbiMH 
napaMexpaMH. TaKan moabab c(j)epoHAa BbiroAna b xex cAy- 
Hanx, KOPAa Mbi xoxhm ynecxb npn ABHHceHHH cnyxHHKa Scmah 
ee rpymeBHAHOcxb. 



r/IABA II 


3AAAHA flBYX TEJI 



nOCTAHOBKA 3AAAHM 


1. Bo MHorHx cjiy^afix mojkho nojiy^Hib AOciaTO^HO xo- 
pouiee npeACTasjieHHe o ABHJKeHHH KaKoro-jiH6o He6ecHoro 
Tejia (no Kpaftneft Mepe b xe^enHe He6ojibiiioro npoMejKyxKa 
BpeMeHH), ecjiH y^ecTb BOSAeflcTBHe na Hero jiHuib oahofo, 



Phc. 2.1. 


HaH6ojiee CHJibHO npHTnrHBaiomero ero Tejia h npeHeOpenb 
BJiHHHHeM Bcex ApyrHx He6ecHbix xeji. Tan, nanpHMep, o6- 

CTOHT AejIO npH HSyHeHHH ABHJKeHHH SeMJIH BOKpyr CoJIHUa 
HJiH 6jiH3Koro HCKyccTBeHHoro cnyTHHKa BOKpyr 3eMjiH. 

nycTb Hac HHTepecyex ABHJKeHHe xejia S b rpaBHiauHOH- 
HOM nojie, cosAaHHOM ApyrHM tojiom T (pHC. 2.1). 3to ^BHx^e- 
HHe 6yAeM paccMaxpHBaxb b CHCxeivie oxcnexa c nanajiOM b 6a- 

pHueHxpe (ueHxpe xnx^ecxH, ueHxpe Macc) A xejia 7 h c ochmh, 



noCTAHOBKA SA^AHH 


41 


§ IJ 

nOCTOHHHO OpHeHTHpOBaHHblMH B opocTpaHCTBe. EcjiH pa 3 - 

Mepbi Tejia S Majibi no cpaBHennio c paccTOHHnnMn ero ToneK 

;i,o ToneK Tejia 7, to mm nojiynnM AocxaTonno xopomee npe^- 
cTaBJieHHe o ABHJKennH jik)6oh ero to^kh, ecjin nsynnM ABH>Ke- 

nne toh MaTepnajibHoft to^kh (P, m), KOTopan o6pa3yeTC5i, 
ecJiH BCK) Maccy xejia S cocpeAOTonnxb b ero 6apHueHxpe P. 
B pesyjibxaxe xaxoro cocpeAoxoneHnn Maccbi xpaeKXOpnn 6a- 
pHueHxpa P xejia 5 npaKTnnecKH ne nsMeHnxcH. Kor^a roBO- 
pnx 0 xpaeKXOpHH neKOXoporo tncAa S n o ero CKopocxn, HMeiox 
B BHAy xpaeKxopHK) H CKopocxb MaxepnajibHOH moHKu (P, m). 
^TO Kacaexcn xejia T, xo 6yAeM b sxoh rjiaBe cnnxaxb, nxo 
OHO HBJiHexcn inapoM co c(j)epHnecKHM pacnpeAejienneM njiox- 
HocxH. riooxoMy cHJia, AeflcxByioiiiaH na MaxepnajibHyio xonxy 
(P, m), He HSMeHHXCH, ecjiH mm 6yAeM cHHxaxb bck) Maccy M 
xejia T cocpeAOxoneHHOH b ero 6apHueHxpe A. 

TaKHM o 6 pa 30 M, mm npHxoAHM K cjieAyK)iueH sajiane: 

usyHumb deujfcenue moneHnou Maccu m, npoucxodHW^e e apa- 
eumaUfUOHHOM noAe, coadannoM neKomopuM meAOM 7, ecAu amo 
meAo MAHemcH tuapoM co c(pepmecKUM pacnpedeACHueM nAom- 
Hocmu. 

ripH cACJiaHHOM Bbime npeAnojio>KeHHH o xejie 7 axa 3 aAaHa 

paBHOCHjibHa, oneBHAHO', xaKoft sa^ane: usynumb deujfcenue 
MamepuaAbHOU momu (P, m) e apaeumat{uoHHOM noAe, co- 
sdaHHOM dpyaou MamepuaAbHOu moHKou {A, M). 

npH 3 X 0 M ;iBH>KeHHe 6 yAeM paccMaxpHBaxb oxHOCHxejibHO 

xoHKH A, xo ecxb B CHCxeMe oxcnexa c nanajiOM b xonxe ^ h c 

ocHMH, coxpaHHiouiHMH opHeHxauHK) B npocxpaHCTBe. 

Sxy aa^any o 6 biHHO HaabiBaiox sadmeu deyx meA (toh- 
nee 6 bijio 6 bi HaaBaxb ee « 3 aAaHeH AByx MaxepHajibHbix 

XOHeK»). 

Tejio 7, B nojie xnroxeHHn Koxoporo paccMaxpHBaexcn 
ABHJKeHHe MaxepHajibHOH xohkh (P, m), 6yAeM HaBMBaxb b 
JiajibHefimeM lienmpaAbHbiM mcAOM. B Bonpocax KOCMonaBXHKH 

ueHxpajibHMM xejiOM MO>Kex OKaaaxbcn SeMjiH, Jlyna, CojiHue, 

KaKaH-jiH6o njianexa, BBea^a h x. n. 

Ecjih b KaKHx-jiH6o paccy>KAeHHHX bch Macca M ueHxpajib- 
Horo xejia cHHxaexcn cocpe^oxonenHofl b oahoh xonxe A, xo 
MaxepHajibHyio xoHKy {A, M) 6y;ieM eu;e HaobiBaxb npumsiau- 
eatoiyuM t^eumpoM. MaxepHajibHyio xonny (P, m), Hbe abh^kB" 
HHe oxHocHxejibHO ueHxpajibHoro xejia 7 HoynaeTcn, naaoBeM 
ycjioBHo, KpaxKOCTH, ero cnymnuKOM, 
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3AAAqA ABVX TEJ] 


[rji. II 


HanpHMep, npH HsyqeHHH SeMJiH BOKpyr Cojih- 

ua pojib ueHTpajibHoro Tejia 6yAeT BbinojiHHXb. CojiHue, pojib 
cnyxHHKa — 3eMJiH. npH HsyqeHHH ABH^eHHH HCKyccTBeH- 
Horo cnyxHHKa BOKpyr 3eMjiH pojib uenxpajibHoro xejia nrpaex 
3eMjiH. 

BeKxop/lP, y Koxoporo Haqajio—npHXHXHBaiomHH ii;eHxpi4, 
a KOHeu — cnyxHHK P, 6yAeM nasbiBaxb paduycoM-eeKmopoM 
cnymnuKa. 

2. KOCMOHaBXHKH oco6eHHo HHxepeceH TOT cjiyqaft, 

KOFAa Macca cnyxHHKa HH^xo^cna no cpaBHennio c Maccoii 
uenxpajibHoro xejia. B xaKOM cjiynae npHXH^enne cnyxnnKa 
npaKxnnecKH ne CKasbmaexcH na ABH^ennH uenxpajibnoro 
xejia, ne coo6iii,aex eMy omyxHMoro ycKopennH. .3xoh (j)H3Hqe- 
CKOH Kapxnne cooxBexcxByex cjieAyiomaH MameMamunecKm 
ModeAb: cnyxHHK paccMaxpHBaexcn KaK MaxepnajibHaH xonKa, 
npHXHFHBaeMaH k uenxpajibnoMy xejiy, ho ne npHXHXHBaiomaH 

9X0 xejio. 

Mbi, xaKHM o6pa30M, HMeeM a^jio co cjieAyiomeH 3aAaqeH, ko- 
xopyK) MOHCHO Ha3Baxb oapanuHeHHou sadaueu deyx meA hjih 

3aAaqeH o HenpHxnrHBaiomeM (naccHBHO rpaBHXHpyiomeM) 

cnyxHHKe: usynumb deumenue MamepuaAbHou moHKu (P, m) 
(cnymHUKa) e mtomoHoecKOM noAe mmomeHUR dpyeou Marne- 
puaAbHou moHKu {A., M) {npumRaueafotyeao UfCHtupa) npu dony- 
lUfiHuu, Htno cnymnuK eoece ne npumHaaeaem k cede npuniRau- 
ecuomuu t^enmp. 

HarjiHAHO KapxHHy mohcho npeACxaBHXb ce6e KaK jXBume- 
Hne cnyxHHKa BOKpyr «3aKpenjieHHoro b npocxpaHCXBe» uchx- 

pajibHoro xejia (3Be3Abi, njiaHexbi), xonnee— BOKpyr xejia, hc- 

nOABH>KHOrO OXHOCHXeJIbHO HCKOXOpOH HHepUHajIbHOH CHCXeMbI 

oxcnexa. 

CnyxHHK, He bjihhk)ui,hh Ha ABH>KeHHe uenxpajibHoro xejia, 

Mbi ycjiOBHMCH eui,e naabiBaxb «MajibiM cnyxHHKOM»*). 

3anHiiieM xenepb AH(|x})epeHUHajibHbie ypaBHeHHH ABHHce- 
HHH HenpHXHFHBaiomero cnyxHHKa (P, m) oxHocHxejibHo npH- 
XHFHBaiOLuero uenxpa {A, M). 

riycxb 0£r|^ — HHepunajibHan CHCxeMa oxcnexa, b ko- 

XOpOH npHXHXHBaiOmHH UCHXp {A, M) OCXaeXCH HenOABHJKHblM 

(pHc. 2.2). nycxb OA = a, OP = p, AP = r, M — Macca 

*) HHorAa ero HasbieaiOT— He coBceM y^aHHo— « 6 ecKOHeHHo MajibiM 
TeJioM» h;ih «TeJiOM 6 ecK 0 HeHHQ Ma^ioH Maccbi». 


noCTAHOBKA 3AAAMH 
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§ 1] 


ripHTHTHBaiomero ueHTpa, m — Macca cnyrnnKa. Ho BiopoMy 

saKOHy HbiOTOHa 


m 


d^r 

W 



Mm 


r 


3 


r 


( 1 ) 


Mhcjio 


K 


fM 


( 2 ) 


6yAeM HasbiBaTb epaeumat^uoHHbCM napoMempoM npHTHrMBaio- 

mero ueHxpa. fljiH CojiHua Kc = 1325-10® KMVceK^, JlyHbi 

Kji = 4900 KM^/ceK^y SeM.iH Ks — 398 600 km^Icck^"^), 


ypaBHCHHe (1) nepenHiueM 


B BHAe 


d^r 


K 


r 


r 


3 


0 


(3) 


HJIH 




K 


p 


a 


P 


a 


3 


0 . 



Phc. 2.2. 


(4) 

3. PaccMoxpHM xenepb 
o6luhh cjiy^aft saAa^H AByx 
MaxepHaAbHbix xoqeK {cAynau 

npummueafomeao cnymnuKa). 

nyCXb npHXHFHBaiOIAHH 

ueHxp A HMeex Maccy M, 

a cnyxiiHK P — Maccy m. Bbi6epeM b npocxpancxBC «Heno- 
ABH^HyK))) (xo^Hce roBOpH, HHCpUHajibHyio) CHCxcMy oxcqexa 

^ Apyryio cHcxcMy oxc^exa Axyz c Ha^ajioM b xo^kc A, 
npnqeM och Ax, Ay, Az cooxBexcxBCHHo napajiJiejibHbi ochm 

01, Ot], 0^ H oAHHaKOBO HanpaBcXCHbi c hhmh (pHC. 2.3). Ha 

ABH>KeHHe cnyxHHKa b npocxpancxBe. bjihhcx no-npexcHCMy 
npHXHHceHPie ueHxpajibHoro xejia. Ho b cbok) oqepcAb cnyx- 
hhk, npHXHFHBaH ueHxpajibHoe xejio, caM «cABHraex» ero b 
« a6cojiK)XHOM», «HenoABH^HOM» (HHepUHajibHOM) npocxpan- 
cxBe, H 9XOX (J)aKxop xaK}Ke CKasbiBaexcH na nojio^CHHH 

cnyxHHKa. 




) rpaBHxauHOHHbie napaMexpbi njiaHex npHseACHbi b npHJioHienHH 
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3AJXAHA JXBWX TEJI 


[TJI. II 


CoxpaHHM o6o3HaiieHHH, npHHHTbie Bbiuie b cjiy^ae nenpH- 
THFHBaiOLuero cnyxHHKa. Ha xoiiKy (P, m) xenepb AeftcxByex 

CHjia 



Phc. 2.3. 


F= - 

f ^3 

nOBTOMy 


(Fp 

ttl " 

dF 

cMtn 
/ ^ 

xo ecxb 

• 

d^p 

dF 

, M 

f ^3 r. 


r, 


(5) 


To^Ka, {A,M) cABHxaexcH oxHOCHxejibHO HHepUHajibHofl chc- 


xeMbi oxcqexa O^t]^ 6jiaroAapH CHJie Fi 


M 


(Fa 

dF 


,Mm „ 

/—HoaxoMy 


,Mm 

/—xaK qxo 


r 


r 


d^a 

W 



m 


r 


3 


r 


( 6 ) 


Ho r 


P 


Hhcjio 


a, 


(Pr 

d^p 

d^a 


dP 

dP 

- » TaK qxo 

dF 


d^r 
dP ~ 

AM + m) 

! ^3 ' * 

(7) 

K 

-/( 

•4- 

1 

(8) 


HasoBeM epaeamaUfUOHHbLM napamempoM napu MamepuaAb- 

Hbix moneK {A, M) a (P, m). TaKHM o 6 pa 30 M, abh^o- 

HHe cnyxHHKa oxHocHxejibHo npHXHXHBaioiAero uenxpa onpe- 

AejinexcH ypaBHCHHeM 


d^f f 


r 


3 


0 


(9) 


BpocaexcH b rjia3a BueuiHee cxoacxbo AH(|x})epeHUHajibHbix 
vpaBHeHHH o6meH Ba^a^H AByx xeji h orpaHH^eHHofi aa^a^H 
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;;Byx xeji; tojibko K HMeex b sxhx ypaBHeHHHX pasjiH^HbiH 

CMbICJI. 

CpaBHHBan (})opMyjibi (2) h (8) jxjih K, y6eAHMCH b xom, hxo 
npHXHPHBaioiUHH cnyxHHK c Maccoft m abh^cxch oxHocHxejib- 
Ho ueHxpajibHoro xejia c Maccoft M xo^ho xax >Ke, KaK abh- 
rajiCH 6bi HenpHXHPHBaiOLUHft cnyxHHK BOKpyr uenxpajibHoro 
xejia c Maccoft A4 + m. 

SaMCXHM, HTO BeKXOpHOe ypaBHCHHC ( 9 ) paBHOCHJIbHO xpCM 

CKajiHpHbiM ypaBHCHHHM ]XJi9{ AexapxoBbix KoopAHHax cnyx- 

HHKa: 

^+K^ = o, ^+Ar-^ = o,^ + fci-0,(10) 

rAe 

r = yx^ + + 2". (11) 

B AajibHeftuieM naM npcACxoHx h 3 (|)OpMyji (8) h (9) BbiBCcxH 
Ba^Hbie AJiH npaKXHKH CBoftcxBa ABH>KeHHH cnyxHHKa: saKO- 
Hbi Kenjiepa, ypaBHCHHC opdHXbi cnyxHHKa, saBHCHMocxb no- 
jio^eHHH cnyxHHKa na axoft opSnxe ox BpeMCHH. 


SaAaHM 


1. Ho AaHHbiM HenocpeACTBeHHbix HSMepenHH ycKopeHHe chjiu th^kc- 


CTH cocTaBJiHex Ha SKBaxope g 


9,7805 Micev? (b CHJiy TH^KecTH bkjiio- 


HaeiCH ueHTpoOejKHaH CHJia). SKBaxopHajibHbiH pa^nyc SeMJiH R 


SeMJiH /Co. 


KM 


Ho 3THM A^HHblM BbIMHCJIHTe FpaBHTaUHOHHblH HapaMCTp 


JIH 


Macca KDnHxepa cocTaBJiHex [947 4 Maccbi CoJiHua, Macca 3eM- 
1 

g ^24QQ OT Maccbi CojiHua. C^HTan HSBecxHbiM rpaBHxauHOHHbiH napa** 
•eMJiH /Co, noACMHTaHxe rpaBHxauHOHHbiH napaMexp iOnHxepa /Cin- 


§ 2. MHTEFPAJl nJlOIUAAEPI. BTOPOfll 3AKOH KEOJIEPA 

1. noKaxccM, ^xo deuofceHue cnymnuKa omnocumeAbHO 
npumHaueatoiufiao Lienmpa ece epemn npoucxodum e odnou u mou 
oice HAocKOcmu, npoxodRiyeu nepes npumRaueafomuu lieump. 
PaAHyc-BCKxop cnyxHHKa r h ero CKopocxb v hbjihioxch 

4^yHKlXHHMH BpeMCHH; HyCXb B MOMeHX ~ Tq H V = Vq. 

Bo 3 MO}KHbi ABa CAynan: 1 ) BeKxopbi r n v HCKOAAHHeapHbi 
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3A;^AHA ABYX TEJl 


[r.n. II 


(to ecTb He Jie^ax na oahoh h toh npHMofl hjih na napaji- 

JiejIbHblX npHMbIx); 2) 9TH BCKTOpbl KOJIJIHHeapHbl. 

C Ji y H a H 1. yMHo>KaH paBencTso (2.1.9) *) BeKTopno 
Ha r, nojiyHHM 

dV 1 

^ X = -K~^{rx r). 


TaK KaK 

r X r = 0, 






OTKyAa 

r X V = (1) 

FAe <3 — nocTOHHHbiH BeKTop. RojiaraH t ^ tQ, naftAeM, hto 

a - To X Vq. (2) 

yMHo>KaH (1) noHjieHHo Ha r cKajinpHO, nojiyHHM 

a-r-O. (3) 

HraK, B ak)6oh momcht bcktop r (paAHyc-BeKTop cnyx- 

HHKa) nepneHAHKyjiHpen k BCKTopy a. A axo BHaHHx, hxo b jho- 

6oH MOMCHT BpeMCHH BeKTOp r Jie>KHT B TOH njIOCKOCXH (a), 

KOTopan npoxoAHT nepea npHXHrHBaK)u;HH uenxp h nepneHAH- 
KyjiHpHa K BCKTopy a. 

CAynafl 2. B stom cjiynae xaK>Ke cnpaBeAJiHBbi (|)opMy- 
Abi (1) H (2), HO <7 = Oy h6o To h Vq KOJIJIHHeapHbl, H He HMeex 
CMbicAa roBopHTb o KaKOH-TO onpeAejieHHOH haockocth (a), 
nepneHAHKyjiHpHOH k BeKxopy a. MHxyHXHBHO oneBHAHO, hxo 
B AaHHOM cjiynae cnyxHHK ABHHcexcH np^MOJinneftHo. J^oKa- 

>KeM 9X0 cmpoeo. B abhhom cjiynae 

r X = 0. (4) 

06o3HaHHM opT BeKTopa r Hepea jp, ero AJiHHy nepea /*, xaK hto 

r = rp. (5) 


*) KaK Mbi AoroBopHJiHCb B npeAHCJioBHH, 3T0 osHaMaex: rjiasa II, 
§ I , (})0pMyJia (9). 



§ 2] HHTErPAJl nj]OlU.AAEJ^. BTOPOPi 3AKOH KEHJIEPA 47 

/lH(J)4)epeHUHpyH r no /, nojiynnM 

f = rp + rp. (6) 

Ho 

lf=\. (7) 

^H(JxJ)epeHU,HpyH sto TOJK^ecTBO, nojiy^HM 

P P = 0- (8) 

yMHOxcaH nonjieHHO (BCKTopHo) paBencTBa (5) n (6) h ynn- 

TbiBan (4), HaHAOM 

t 

{p X jp) 0. 

Ecjih b Tenenne neKoxoporo npoMe>KyTKa BpeMenn ne 6bijio 
CTOJiKHOBeHHH cnyxHHKa c uenxpajibHbiM xejioM, to r =j= 0 
H noaxoMy 

p X p = 0. (9) 

Hcnojibsyn BeKxopnoe xo^Acctbo {a x bf = — 

— {a-bf, nojiynHM 

{p X pf = p^ 'p^ — {p-pf. 

ynnxbiBaH (7), (8) n (9), naftAeM, nxo jb = 0, xo ecxb p = c, 

EAe C — nOCXOHHHblH BeKTOp. 

HxaK, r = rCy a axo h oananaex, nxo ABH^cenne cnyxHHKa 

npHMOAHHeHHOe. 

2. OopMyAa (1) Bbipaxcaex neKoxopyio saBHCHMOcxb uemjiy 
paAHycoM-BeKxopoM n CKopocxbio cnyxHHKa. Sxy saBHCHMOcxb 
HasbiBaiox eeKtnopHhiM unmeepaAOM nAomadeu"^). BeKxop a na- 
sbiBaexcH eeKmopnou KOHcmanmou nAomadeu. 

nycTb (x, y, z) — KoopAHHaxbi tohkh P b neKoxopoH npn- 
MoyrojibHOH CHCTCMe KoopAHHax (c HanajioM b xohkc A h c 

OCHMH, nOCTOHHHO OpHeHTHpOBaHHbIMH B npOCXpaHCTBC), /, j, 

k — opxbi (eAHHHHHbie BCKTopbi) occH KoopAHHax Ax, Ay, 

Az, a Oj, 02 , Og — npoeKUHH BCKxopa a na axH och. Toeah 

r = xi + yj + zk, 

V xi A- yj + zk, 

a aj + aj + a^k. 


HH>Ke 3TO HasBaHHe 6y;^eT onpaB^aHo. 
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3AJXAHA TEJl 


trji, II 


TaK KaK r X V 


i j k 

xyz 

XI) z 


a^i + (Tgy + ag/j, TO BeKTopHbiH 


HHTerpaji njiOLuaAefi (I) nepenHCbiBaexcH b KOopAHHaxax cjie- 
;^yK)mHM odpasoM*. 






(Tj, ZX 


XZ 


02, xy 


yx 


o 


3 


( 10 ) 


ypaBHeHHe njiocKocxH ABH>KeHHH cnyxHHKa (3) mojkho sa- 
riHcaxb xenepb b 6ojiee npHBbnHOH nac KOopAHHaxHoft 


t 


2 


(})opMe: 

OjA: + G^y + 


0 . 

( 11 ) 




6 


BBeAeM 


cneuHajibHyK) 


npHMoyrojibHyK) CHCxeMy 



KOOpAHHaX, 


coBMeinan 


Phc. 2.4. 


njiocKOCXb Axy c njioc- 

KOCTbK) Op6HXbI H paCOO- 

jiaran xpoHKy ocefl Ax, 

Ay, Az xaKHM o6pa30M, 
^To6bi ona o6pa30Bajia 

n p a B 0 o pHeHTHpoBaHHyK) 
CHCxeMy (pHC. 2.4). TorAa 

0; o6o3Ha^HM 


G 


1 


G 


2 


B 9 XOM cjiy^ae Og qepea a. Hhcjio ^ Ha3biBaK)T /coh-* 


cmanmou riAoiyadeu (hjih, 


o 





Kopoqe, KOHcxaHxoH njio- 

LUaAeft). Hcho, hto 


a 


ok, G 


a 


( 12 ) 


TaK KaK B 3TOM cjiyqae 
npH jik)6om nojio>KeHHH 


cnyxHHKa z 


0 , z 


0 , 


xo CHcxeMa (10) cboahtch 


X K paBOHCTBy 


xy 


yx 


G. 


(13) 


Phc. 2.5. 


OepexoAH K nojiHpHbiM 

KOopAHHaxaM (pnc. 2.5) 


no (J)opMyjiaM x r cos 0, y = r sin 0, nojiynHM 


= a. 


( 14 ) 
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3to — noARpHUH (popMa UHtneepaAa riAOu^adeu. Hs (})opMy* 
jibi (14) BbiTeKaex necKOJibKo Ba>KHbix bbiboaob. 

1. EcJIH (T ^ 0, TO 0 > 0 (b JIK)6oH MOMCHT BpeMCHH t). 
A 9TO BHa^HT, qxo yroji 0 HaKjioHa paAHyca-BeKXopa cnyxHHKa 
H ocH Ax nocxoHHHo pacxex; ABH>KeHHe cnyxHHKa Bce BpeMH 

npOHCXOAHT B nOJIO}KHTeJIbHOM HanpaBJieHHH, «npOTHB HaCOBOH 

cxpejiKH» (c To^KH speHHH Ha6jiK)AaxejiH, noMemeHHoro na 

nojioxcHxejibHOM Jiyqe och Az). AHajiorH^Ho, ecjiH a 0, xo 

# 

0 0, xo ecxb CnyXHHK BCe BpeMH ABH>KeTCH B OXpHUaxeJIbHOM 

HanpaBJieHHH, «no nacoBofl cxpejiKe». npH a > 0 ABHHceHne 
cnyxHHKa HasbiBaexcH npHMbiM, npH a 0 — odpamHbiM. 

npUMCM e duAbneuiueM, nmo npu a 0 nanpaeAenue oceu 
rndpano muKUM odpasoM, Htnodu deuotcenue dbiAo npRMbiM; 
HHane roBopn, ocb Az Bbi6paHa xaK, nxo ona oAHnaKOBo na- 

npaBjiena c BeKxopoM a. npH 3TOM yCJIOBHH CKaJIHpHaH KOH- 

cxaHxa njioinaAen a BbipaHcaexcn nepes KOMnoneHXbi BCKXopa a 
(b jno6oH npHMoyrojibHOH cHCxeMe KoopAHHax) no ^^op^yjie 

<5 = \ Q \ == o\ o\ o\. (15) 

2. Hnxerpaji njiomaAeft (14) sanHiueM xan: 0 = Ox- 
CK)Aa BHAHo, HTO HeM duAbuie cnymnuK om npummueatowfiao 
yeHtnpa, meM Menbiue ye- 
AoeuR cKopocmb cnymnuKa 

{xo ecTb xeM MeAJiennee 
BpamaexcH ero paAnyc- 

BeKTOp BOKpyr npHXHPH- 

Baiomero uenxpa). 

[npoHjijnocTpHpyeM axo 
xaKHMnpHMepoM. B hhbb- 
pe SeMjiH 6jiH>Ke k Cojih- 
uy, neM b Hiojie. Hoaxo- Phc. 2.6. 

My B HHBape Scmjih abh- 

HcexcH BOKpyr CojiHua c 6ojibmeH yrjioBoft cKopocxbio, neM 
B HlOJie (OKOAO 61'10" B CyXKH 1 HHBapH, OKOJIO 57'11" B CyXKH 

1 hiojih). 

3. HHxerpaji njiomaAeft (14) HMeex npocxoft (|)H3HHecKHH 

CMbicji. riycTb cnyxHHK b MOMenxbi t n t + saHHMaji nojio- 

>KeHHH P w P' (pHC. 2.6). Me>KAy MOMCHiaMH t w t 

PSAHyc-BeKTOp cnyxHHKa ycneji onncaib HeKoxopbift 
yroA A6 H «3aMecTH» HeKoxopyio njioiii,aAbA5. C xoHHocxbio ao 

^ M. B. BajiK 
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3AAAHA ABVX TE.n 


ir;i. II 


6ecKOHeqHO Majibix seJiH^HH nop^AKa Bbime nepBoro othoch- 

I 

xejibHo A0 njiomaAb saMereHMoro ceKxopa AS paBHayr^AS, 
oxKyAa 

AS 1 , A0 

"aT “ y" aF’ 


npH A/ 0 HaHAeM 

dS _ 1 ^ dQ 

~W ~dt' 



BeJiHMHHy dS/dt nasbiBaioT b MexaHHxe ceKtnopuaAbHou cko- 

pocmbfo T04KH P oTHOCHTeJibHO TO^KH A. Hs (|:opMyjibi (14) 

cjieAyex, qxo 




const. 



TaKHM odpasoM, unmeapuA nAoinadeu osHmaem, nmo ceKtno- 
puaAbHUH cKopocmb cnymnuKa omnocumeAbHO npummueaK)- 
Wjaao yenmpa nocmoHHHa. 

Oycxb 3a npoMCH^yxoK BpCMCHH ox MOMenxa ao MOMCHxa 
cnyxHHK onHcaji Ayry P^Pi (pHC. 2.6), a paAHyc-BCKXop cnyx- 
HHKa ycneji aaiviecxH KpHBOJiHHefiHbift cexxop njiomaAb 

Koxoporo o6o3Ha^HM 4epe3 S. HHxerpnpyH ypaBHCHne (17) 

B npcACJiax ox 4 Ao nojiy^HM 

5=y(T(^l-g. (18) 


3xa 4>opMyjia Bbipan^aex emopou sukoh KeriAepa: 

IlAOiufLdb, saMemennaH paduycoM-eeKtnopoM cnymnuKa, npo- 
nopyaoHUAbHa epeMenu, e meHenue Komopoao ona saMemena. 

HnorAa 3xox saKOH ^^opMyjiHpyiox necKOJibKO HHa^e: 

3a paeHbie npoMeotcyrnKu epeMenu paduyc-eeKtnop cnymnuKa 
saMemaem pasHue nAOiyadu. 

BcKXOp CKOpOCXH V X04KH P MO>KHO paSJIOH^HXb Ha ABC 

cocxaBJiHioLUHe: na paAHajibHyio cocxaBjiHiomyio Vr, HanpaB- 
jieHHyK) no npnMOH AP, h nonepennyK) (xpancBepcajibHyio) 

cocxaBJiHiomyK) Vn, HanpaBJieHHyK) no npHMon PN^ HopMajib- 

HOH K paAHycy-BCKXopy AP (pnc. 2.7). B nypcax MexannKH 
ycxanaBJiHBaexcH, nxo Bejinnnnbi axnx cKopocxen onpcACJin- 

loxcH no 4)opMyjiaM 

Vr = r, Vn = rQ. 


( 19 ) 
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riosTOMy (})opMyjiy (14) moh^ho nepenHcaxb h xaK: 

rVn (T. ( 20 ) 

riycxb (p — yroji Me>KAy paAHycoM-eeKxopoM cnyxHHKa h 
BeKXopoM ero CKopocxH. ToPAa Vn =-~- c^sintp, rAe v — a6co- 
AioxHan BejiH^HHa CKopocxH cnyxHHKa. OopMyjia (14) npH- 

HHMaeX BHA 

rc; sintp = a = const. (21) 

TaKHM oOpasoM, HHxerpaji njioiAaAeft Mo>Kex 6bixb npcA- 

CXaBJieH B HCCKOJIbKHX SKBHBaJICHXHblX (})OpMaX. Ka>KAaH H3 

9 XHX (J)opM npcACxaBjiHex 

co6oh anajiHXHqecKoe Bbi- 
paxceHHe Bxoporo saKona 

Kenjiepa. 

3. B HaiUHX paccyxc- 

ACHHHX MbI HCXOAHJIH H3 

xoro, ^xo CHjia npHXHXce- 

HHH cnyxHHKa K npHXHEH- 

BaioiACMy ucHxpy onpcAC- 
AHCXCH no 4)opMyjie BHAa 

F = fMmlr^, B HCxopHH ^ 

MexaHHKH BbiCKaa biBajiocb 
MHCHHe, HXO 3xa 4)OpMy- Pac. 2.7. 

A a Mo>Kex 6bixb yxonne- 

Ha. OAHaKo KaKHM 6bi hh 6biA aaKOH nenpepbiBHoro mbmc- 
HCHHH CHAbi, AeHCXByiomeft Ha cnyxHHK h npoxoAHnieft b 

Ka>KAbIH MOMCHX BpCMCHH HCpCB npHXHPHBaiOUlHH UCHXp, 

Bce paBHo ABH>KeHHe cnyxHHKa 6yAex haockhm h 6yAex nepCH 
HHxerpaA nAonj^aAcft. 3xo cxaHOBHxcn hchum, ccah aaMcxHXb, 

Hxo nocAC aaMCHbi b (})opMyAe (2.1.9) BbipanceHHH ^ r ak)6oh 

(})yHKUHeH BHAa K {x, y, z) r h3 (2.1.9) no-npe>KHeMy 6yAex 
BbixcKaxb HHxerpaA nAoniaAcfl (1). 

B OyAyuicM, npn onpeACACHHbix pe>KHMax pa6oxbi ABHra- 

XCAH KOCMHHeCKOrO KOpa6AH B OKpeCXHOCXH KaKOH-AH6o 

3Be3Abi (hah nAaHexbi, hah KpynHoro cnyxHHKa nAanexu) 
ero xnra Moncex OKaaaxbcn b xenenne HeKOxoporo BpeMCHH 
HanpaBACHHOH no npHMoft, coeAHHHiouieH KOpaOAb c npHxnrn- 
BaiOHiHM ueHxpoM. B xeneHHe axoro npOMe>KyxKa BpeMeHH — 

KaK 6bl HH MCHHAaCb XHFa ABHraxeAH no BeAHHHHe — ABH>Ke- 

HHe cnyxHHKa 6yAex noAHHHHXbcn BxopOMy aaKony KenAepa. 



4 * 
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[vn. 11 


§ 3. MHTErPAJl SHEPrMM 


yMHo>KaH ypaBHCHHe 


r 


K 

r3 


r 


CKajiqpHo Ha 2r, 

nojiyHHM 


• • • 

2r-r = 

HJIH 

II 

Ho 


# 

r = 

V, — 

OoaxoMy 



2K 


r 


3 


rr, 


^ A. (^ 2 \ 


^2 _ ^2 _ ^2 




HJIH 


OTKy;^a 




r^e 


/i 


HeKOTopan KOHCxaHTa (ee nasbiBaiOT KOHcmanmou 


duepauu). OopMyjia ( 2 ) hocht HasBaHHe unmeapaAa anepauu 
(hjih HHxerpajia :»^HBbix chji). o 6 bHCHeHHH axoro na- 

SBaHHH nepenHiueM ee xax: 


mv 






CnaraeMoe mv^l 2 — axo KHHexHqecKan aneprHH («:»^HBaH ch- 
jia») cnyxHHKa,— mK/r — ero noxenuHajibHan aneprHH (cm. 
rjiaBy I, § 1). OopMyjia noKasbmaex, qxo noAuan duepauH 
cnymnuKa (xo ecxb cyMMa ero KHnexH^ecKoft h noxenunajib- 
HOH aneprHH) b meneHue eceao epemehu eao deuMenuH ocmaetncH 

nocmoAHHOu, 



HHTErPAJI SHEPFHH 
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KoHCxaHTy h Momio nafiTH h 3 Ha^ajibHbix ycjioBHft: ecjiH 

B KaKOH-TO MOMeHT /q paCCTOHHHe CnyXHHKa OT npHTHTHBaiO- 

mero ueHxpa paBHO Vq h a6cojiiOTHaH BejiHHHHa CKopocTH paB- 


na Vq, to 



BbiBOAeM H3 HHTerpajia sneprHH npocreHiUHe cjieACTBHH. 

1) ripH yAajieHHH cnyxHHKa ot npHTHPHBaiomero ueHrpa 

cKopocTb cnyTHHKa yMeHbuiaeTCH (npHTHPHBaiomHH ueHTp Top- 
M 03 HT CnyTHHK); npH npH6jIH^eHHH cnyTHHKa K npHTHTHBaiO- 
meMy ueHTpy cKopocjb cnyTHHKa BoapacTacT (npHTHTHBaio- 
ui,HH ucHTp paaronneT cnyTHHK). 

jJeftCTBHTeJIbHO, H3 (2) BHAHO, HTO npH BOSpaCTaHHH r 

CKopocTb V y 6 biBaeT h, Hao 6 opOT, iipn ydbiBaHHH r v Boapac- 

TaCT. 

2) riycTb cnyTHHK b cbocm abhh^chhh moh^ct yAajiHTbcn ot 
npHTHTHBaiomero ucHTpa HeorpaHnnenno AaJieKo. Ha (|)opMy- 
jibi (2) bhaho, hto npH r oo BCJiHHHHa CKopocTH 6yAeT 

npH6AHH^aTbCH K HCKOTopoMy npcACJiy (^oc), npnqeM vlo 
(SaMCTHM, HTO 3T0T npeACAbHblH HCpCXOA BOaMOH^CH AHOIb 

npn h > 0.) 

Mhcjio Voo HaaoBCM eeAmuHoii cKopocmu na decKOHeHuocmu. 
Htbk, b cjiynae A > 0 KOHCTaHxa h paBHa KBaApaxy cko- 

pocTH cnyTHHKa Ha 6ecKOHenHOCTH. 


Sa^aHH 


1. C noBepxHOCTH njianeibi BepTHKajibiio BBepx AOJi>KHa 6biTb aany- 
u^ena BbicoTHan paKera-aoHA- njianery AonycTUMO paccMarpHBaTb KaK 

map pa^Hyca R co c(})epHqecKHM pacnpeAeJieHHeM bjigthocth. ConpoTHBJie- 
HHeM aTMoc(})epbi mo}kho npeHedpe^b. YcKopeHne cHJibi TB^KecTH Ha noBepx- 
HOCTH HjiaHeibi paBHO g. KaKyK) HaHaJibnyio cKopocTb Vq y noBepXHocTH 
HJianeTbi Heo 6 xoAHMo coo 6 m,HTb paKexe, MTo 6 bi ona noAHHjiacb na BbicoTy H 
HaA HOBepXHocTbK) HJianeTbi? IloJiyHHTb npHdJiHA^ennbie (})opMyjibi a*^^ Vq: 


a) KOTAa // MaJio 



6) KOTAa H BejiHKo 

2. Bropan coBercKan KocMHHecKan paKexa, noiiaBman iia Jlyny 4 cen- 

TH 6 pH 1959 roAa, HMejia na paccTOHiiHH 320 000 km ot ueHTpa Scmjih cko- 

pocTb 2,31 KMlceK. Kanyio cKopocTb HMeJia ona na paccTOHHHH 230 km 
pT nOBepXHOCTH 3eMJIH? 
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3AJIAHA AByX TEJl 


[rji. I] 


§ 4. MHTErPAJI JlAnJlACA 


ByAeM hcxoahtl h 3 nojiyqeHHbix panee cooTHomeHHH 




('AH(|)(|)epeHUHajibHoe ypaBHeHHe ABHxceHHH cnyranKa) h 


c = r X r 



(HHTerpaji njiomaAeft). FlepeMHoxcHM paBencTBa (1) h (2): 

•• AT • -AT 

G X r = —p- (/* X X r, HJiH O' X r = r X (r x r). 


npeo6pa3yH npaByio qacTb npH noMomH H3BecTHoro BeKTop- 
Horo TOX^AecTBa 

a X {b X c) =■■ b'ia c) — c {a b), 

nojiy^HM: 

a x/r = ^ Ir-ir-r) — r-(r-r)]. 


Ho r r = r^, OTKy;^^ r-r = r ’. FIoaTOMy 



HHTerpHpya, HaH^eM 

ff X + /< —= -X, ( 3 ) 

r 


TAe X — HeKOTOpblH nOCTOHHHblH BeKTOp. 

PaBeHCTBO ( 3 ) hocht HasBaHHe BeKTopnoro uumeapaAa 
JIanAaca. BexTop X HasbiBaiOT eeKtnopoM JlatiAaca. 

noKa>KeM, ^TO eeKtnop JlatiAaca opmoaonaAen eeKtnopHOU 
KOHcmaHtne nAOtufideu, to ecTb ^to J_ X hjih, HHa^e roBopn, 

<j*X — 0. (4) 



yPABHEHHE OPBHTbl CnyTHHKA 
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§ 51 

JleftcTBHTejibHo, TaK KaK BeKTop axr opToroHajien 
TOpy TO H3 HHTerpajia Jlanjiaca (3) nojiy^HM 

— (T-X = O'* (o' X r) +-^ (o* r) = (o'*^)* 

Otcioab, Ha ocHOBaHHH (2.2.3), ( 7 -X = 0 . FIocjieAHee paBen- 

CTBO, ohobhaho, osHanaeT, hto npH jik)6om Bbi 6 ope npHMO- 

yrOJIbHOH CHCTeMbI KOOpAHHaT MOH^Ay TpeMH KOMHOHeHTaMH 

BEKTOpa Jlanjiaca (>ii, ^ 2 ^ X3 ) u TpeMH KOMnoneHTaMH BeKTOp- 
HOH KOHCTaHTbi HJiomaAeft (Oi, a^, Og) cymecTByeT Tanan sa- 

BHCHMOCTb*. 

OiA/i 02 ^ 2 , ^ 3^''3 ~ (^) 

TaK KaK BeKTop a opToronajieH hjiockocth op6HTbi cnyTHHKa, 
TO nepnenAHKyjiHpHbiH k neMy eeKtnop JlariAaca eceeda Aeotcum 
e riAocKOcmu dtnou opOumu. 

SaAaHH 

1. SanHuiHie BeKTopHbiH HHierpaJi Jlanjiaca b KOop;;HHaTHOH (j)opMe. 

2 . JXoKayKUTe cnpaBe/^jiHBocTb cjiejiyiouxero cooTHomeHHB: 

K^ + ho\ ( 6 ) 

CBH 3 biBaKDii;ero KOHCianTbi ipex HHTerpajioB sajxami ;;Byx tbji. 


§ 5 . yPABHEHME OPBHTbl CnVTHMKA 

OpH noMOiAH HHTerpajia njiomaAeft h HHTerpaAa Jlanjiaca 

MOHCHO HOJiyHHTb ypaBHeHHe Op6HTbI cnyTHHKa. 

riepenHuieM sth HHTerpajibi: 

r X V = a , (1) 

axv + K^=—y^- ( 2 ) 


PaccMOTpHM cHanajia cjiynafl 0. TorAa h3 (2) 



a 3TO H ecTb ypaBHeHHe npHMOJiHHeHHofl op6HTbi. 
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frji. II 


nycTb Tenepb a =f= 0. YMHOJKaH o6e qacTH wnrerpajia JIan 
jiaca (2) cKajiHpHo na BeKTop r, nojiyqHM 

r- (ff X ©) + -^(r-r) = —% r, 

HJIH 

O'iv X r) + = —Xr cos 6, 


FAC 6 — yroji MexcAy BCKTopaMH X h r. BocnojibsoBaBiiiHCb 
Tenepb HHxerpajiOM njiomaAen (1), naftAeM 

r {K + X cos 6) = a^. 

OrcioAa BHAHo, nxo npn o=j=0 /C + X cos 6 0 n noaxoMy 

__ 

^ K+Xcos^' 


xo ecxb 


riojIOJKHM 



(3) 

(4) 


ToxAa ypaBHenne (3) npHHHMaex bha 

"" 1 + ecosQ ' 

3x0 H ecxb ypaeuenue opdumbi cnymnuKa (npn g =f= 0), 

B aHajiHxnnecKOH reoMexpnH *) ycxaHaBjiHBaexcn, nxo (5) 
ecTb ypaBHenne KonnnecKoro cenennH b nojinpnbix KoopAnna- 
xax c nojiiocoM b (|)OKyce (pnc. 2.8). OoKajibHbin napaiviexp 
axoro KonnnecKoro cenennH paBen p, a aKcuenxpncnxex pa- 


*) AjIH CnpaeOK OTHOCHTeJlbHO TepMHHOB H (j)OpMyJI H3 TeOpHH KOHHMe- 

CKHX ceqeHHH M0}KH0, HanpHMep, odpaTHTbCH K cnpaBo^HHKaM no Bbicuien 

MaxeMaTHKe M. BbiroACKoro hjih H. H. BpoHinTenna n K. A. CeivieH- 

A^ega, 
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bch 8 . Yroji 6 TaK>Ke HMeeT npocToft cmucji — 9 to yroji Me 7 K‘ 

Jiy OCbK) CHMMerpHH KORH^eCKOPO CeReHHH H paAHycoM-BeKTo- 

poM cnyTHHKa. Albi ^pHxo;^HM k cjieAyioiueMy BbiBo^y, Bbipa- 

HcaiomeMy nepebiu sqkoh KeriAepa: 

JJeuoweHue cnyrnHUKaontHocumeAb- 
HO npummueawwfiao t{eHmpa eceada 
coeepiuaemcn no KoumecKomy ceHenuto 
{no oAAuncy, aunepdoAe, napadoAe 

UAU npHMOU), npUHCM e odUOM U3 (po- 

Kycoe omoao KonmecKoao ceneHUR na- 
xodumcR npumnaueafotyuu nenmp 

(pHC. 2 . 9 — 2 . 11 ). 

Hs ( 2 . 4 . 6 ) H ( 4 ) cjieAyeT, mo 

8 = 1 ^ • (®) 

TaKHM o6pa30M, SHan KoncTaHra /C, 
a, ft (rpaBHTauHOHHbiH napaMexp npH- Phc. 2.8. 

THXHBaiomero ueHxpa, CKajinpHyio 

KOHCxaHxy njiomaAeft h KOHCxanxy SHeprHH), jierKo bbirhc- 
jiHTb SKCueHTpHCHTex 8 op 6 HTbi, a TaK>Ke ee (|)OKajibHbift 



Phc. 2.9. 


napaMexp p [no nepBon (|)opMyjie ( 4 )]. A axn Ana nncjia nojino- 
cxbK) onpeAejiHiox (|)opMy n pasMepbi opdnxbi (no, pasyMeexcn, 
ne nojiojKenne ee b npocxpancxBe). Hs ( 5 ) cjieAyoT, nxo r 
npHBHMaex nanMenbiiiee snanenne npn 6 = 0 : 




( 7 ) 
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BjiH^aftuiaH K npHTHTHBaioineMy ueHxpy TO'4Ka 77 opdHTbi 
cnyiHHKa HasbiBaexcH nepui^enmpOM. PaccxoHHHe nepHuenxpa 
ox npHXHXHBaiomero ueHxpa mo^ho HaftxH no (|)opMyjie (7). 
JIuHueu (hjih ocbK)) ancud opdutnu cnymuuKa nasbiBaexcH ocb, 
npoxoAnman nepea npnxnrHBaiomHH uenxp A n nepnuenxp 77 

B HanpaBjieHHH ot A k 77. HanpaBjiennH och ancHA h BOKXopa 
Jlanjiaca coBnaAaiox. JIhhhh ancHA cjiy:»^HX, oneBHAHO, ocbio 
CHMMexpHH opdnxbi. 



Phc. 2.10. Phc. 2.11. 


B cjiynae, KoxAa 0 e 1 (op6Hxa HBJinexcH sjiJinncoM), 

snaMenaxejib b (|)0pMyjie (5) 6yAex npn jik)6om 6 neoxpnua- 
xejibHbiM nncjiOM. Cboc nanMenbinee SHanenne axox anaMena- 
xejib npHHHMaex xoxAa, KoxAa cos 6 = —1, xo ecxbKOXAa 
6 = ji. B xaKOM CAynae r npHHHMaex CBoe HaudoAbUiee ana- 
nenne. 3xo MaKCHMaAbnoe yAaAenne r^, cnyxHHKa ox npnxn- 
XHBaioiuero uenxpa onpeACAnexcn no ^opMyAe 


ToHKa A' sAAHnxHHecKOH op6HXbr, HaH6oAee yAaAennan ox 
npHXHXHBaioiuero ueHxpa, naabiBaexcn anou^eHmpOM opdnxbi 
cnyxHHKa. OneBHAHO, hxo xpn xohkh A\ A, FI BcerAa jiemar 
na oAHoft npHMoft. OepHuenxp h anouenxp cnyxHHKa Scmah 
oSbiHHO HasbiBaiox nepHxeeM h anoreeM, nepnuenxp h ano- 
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ueHTp cnyTHHKa CojiHua — nepHrejiHeM h a4)ejiHeM, nepH- 
ueHTp H anoueHip cnyiHHKa SBesAbi — nepiiacipoM h ano^ 
acTpoM. AHajioPH^Hbie HasBaHHH HHorAa bboahtch h npH pac- 
CMOxpeHHH cnyxHHKOB Apyrnx He6ecHbix xeji. Anouenxp h 
nepHueHxp HasbiBaiox xaK^e ancHAaMH op6HXbi. CpeAHee apH(|)- 
MexH^ecKoe paccxoHHHH ox sxhx AByx xo^eK ao npHXHXHBaio- 

mero ueHxpa, xo ecxb — (r^ + HasbiBaexcH cpednuM paC‘ 

cmoHHueM cnyntHUKa ox npHXHXHPaiomero uenxpa. Oho, one- 
bhaho, paBHO 6ojibmoH nojiyocH op6HXbi cnyxHHKa *): 

(^a “h ^Ti) 

Yroji 6 Me>KAy JiHHHeft ancHA h paAwycoM-BeKxopoM cnyx¬ 
HHKa AP HasbiBaexcH ucmuHUOu aHOMUAueu cnyxHHKa b abh- 

HblH MOMCHX BpeMCHH. 3xOX yXOJI OXCHHXblBaCXCH B HOJIOH^H- 

xejibHOM HanpaBJieHHH ox jihhhh ancHA (xo ecxb ox jiyna A/7). 

OopMa H paSMCpbl SJIJIHHXHHeCKOft .Op6HXbI BHOJIHe onpe- 

ACJiHioxcH jiK)6biMH AByMH H3 cAeAyK)Hi,Hx HapaMcxpoB: p, 8, 
a, b, c, Ta, H X. n. Ecjih nsBecxHbi abb H3 sxhx napaMCxpoB, 
xo no (|)opMyjiaM aHajinxnnecKOH reoMcxpnH moh^ho naftxn Bce 
ocxajibHbie. Mauj,e Bcero HcnoJib3yK)xcH cjicAyiou^HC 3aBHCH- 

mocxh: 

^,2 4 . ^ ay \ — e 2 , 

p = b'^/a, p = a{\ — 

*) BoJibuiaH nojiyocb a HBJineTCH eii;e b oahom CMbicjie cpednuM pac- 
CTOHHHeM cnyTHHKa OT npHTHTHBaioinero ucHTpa: ccjih pasACJiHTb bck) op- 
6HTy Ha m paBHbix Ayr, Ka>KAyK) TOHKy Ae-^eHHH cocAHHHTb c npHTHTHBara- 

U;HM UCHTpOM, BblHHCJlHTb CpCAHCe apH(j)MeTHHeCKOe 3THX paCCTOHHHH 

H nepCHTH aaiCM k npcACJiy npH m 00 , to npcACJi («cpeAHeAyroBoe pac- 
CTOHHHe cnyTHHKa ot npHTHrHBaK)u;ero neHTpa») KaK paa h dyACT paBCH a. 

Mo>kho cede npeACTaBHTb h Apyrne cnocodbi odpaaoBaHHH «cpeAHHX pac- 

CTOHHHH cnyTHHKa P OT npHT5irHBaK)u;ero neHTpa». HanpHMep, mo>kho 
pasACJiHTb noJiHbiH yroJi, onncbmaeMbiH paAHycoM-BCKTopoM cnyTHHKa aa 
oahh odopOT BOKpyr npHTHTHBaiou^ero ne^HTpa A, na m paBHbix yrJioB Jiy- 
HaMH, hcxoahu;hmh Ha A, HaHTH cpeAHee apH(j)MeTHqecKoe paccTOHHHH 
cnyTHHKa ot A ao tohck aojichkh h nepenTH k npCACJiy npn m co. Ta- 
khm odpaaoM, HaHACHHoe cpeAneyrjioBoe paccTonune OKaabmaeTcn paBHbiM 
MaAou noAyocu opdHTbi b. AnajiorHHHbiM odpaaoM mo>kho onpeACJiHTb «cpeA” 
HCBpeMenHoe paccTOHHue cnyTHHKa ot npuTHTHBaioLaero neHTpa» — oho 

OKaabiBacTCH panubiM a fl + . 
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SAAAHA JXBYX teji 


[r^. II 


AHajiorH^HO o6ctoht AeJio h c rHnep6ojiHqecKOH hjih napa6o- 

JIH^eCKOH Op6HTOH *). 

n p H M e p. B nepBbie ahh nocjie sanycKa nepBoro co- 
BeTCKoro cnyTHHKa (4 okth6ph 1957 ro^a) HaH6ojibiiiaH Bbicora 
cnyTHHKa najx noBepxHocTbio SeMjiH cocxaBjiHjia //a = 948 km, 
HaHMeHbuiaH — //n = 228 km, C^HTan SeMJiio mapoM pa^Hyca 
R = 6371 KM, noAC^HTaHTe SKcueHTpHCHieT op6HTbi SToro 


cnyTHHKa. 

P e m e H H e. 

= a + c, tn = a 


r 


8 


2c 

2a 


OL — R ^ Ha, r 

c. nosTOMy 2a = 


R + //.. Ho r 


+ r^, 2c 


r 






^ 71 






ra + 


Bbie AaHHbie, naH^ieM e 


~2R + Ha + 

^ 0,05. 


nOflCxaBJlHH MHCJIO- 


3aAa4H 

1. Cpe^Hee paccioHHHe Henry Ha or CoJinua cocraBJiHer 30,1 
acrpoHOMHnecKHx eAHnnu [acrponoMnnecKan eAHnnua (a. e.) — sro cpe^- 

nee paccroHnne SeiviJin or uenipa CoJinua, a. e. 149,6-10®/at]. CpeAnee 
paccTOHHHe riJiyroHa or CotHnua nonm na 10 a. e. 6oJibme h cocraB- 

Jiner 39,5 a. e. SKCueHTpHCHrerbi op6HT Henryna n HjiyroHa paBHbi coor- 
BercTBenno: = 0,009, 0,25. KaKan H3 sthx Asyx njianer 6jiH}Ke 

noAXOAHT K CoJiHuy — Henry h hjih Hjiyron? 

2. BoJibuiaa nojiyocb opdnrbi SeMJiH (npH ee ABH>KeHHH BOKpyr Cojih- 
ua) paBHa 149,6-10® km, SKcnenrpHCHrer stoh opSnrbi — Veo (Tonnee, 
0,01678). BbiHHCJiHre naHMenbinee h nandojibinee paccronnHH SeiviJiH ao 
C oJiHua. 

3. HaA KaKHM noJiymapHeivi doJibuie BpeMenH naxoAHJicH nepBbiH hc- 
KyccrBennbiH cnyriiHK SeivuiH b renenHe nepBbix ero o6oporoB BOKpyr 
SeMJiH — naA ceBepHbiM hjih K)>KHbrM? BocnoJibayHrecb reM, nro nepHreft 
cnyrnHKa naxoAHJicn naA KaKOH-ro tohkoh ceBepnoro noJiymapHH. 

4. Mbi y>Ke BHAeJin, mo cpeAnee apHijiMernnecKoe naHdoJibniero h ' 
naHMenbinero paccronnHH cnyrnHKa or npHrnrHBaioiAero uenrpa paBno 
SoJibinoH noJiyocH ero op6Hrbi. noKa>KHre, nro cpeAnee reoMerpHqecKoe 
srnx 7Ke paccroHHHH h paBHo mbjioh noJiyocH opdnrbi (b), a hx 

CpeAnee rapMonnnecKoe — (JioKaJibnoMy napaMerpy opdurbi (p) [cpeA- 
nHM rapMonnqecKHM AByx qnceji x n y nasbrnaercH ranoe hhcjio z, nro 



*) BaMeTHM, nro npH BbinojinenHH qepTe>KeH, Heo6xoAHMbix npH peme- 
hhh npHBeAcnnbix nn^Ke aaAaq, noJieano HMerb b bhay cjieAyiomee. Ecjih 
opSnra y>Ke naqepqena h rpedyercH ynaaarb ee (})OKyc A , ro yAo6HO boc- 

noJibaoBarbcn: 

a) B cjiyqae sJiJinnca (pnc. 2.9) — paBencrBOM BA = 0/7; 

6) B cjiyqae rnnepdojibi (pnc. 2.10) — pasencrBOM /\OAD=/\OBn[ 

b) b cjiyqae napaSoAbi (pnc. 2.11) — paB^ncTBOM tg /^AHC = 2. 

« M 
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§ 6] 


§ 6. CKOPOGTb CnVTHMKA M EE KOMOOHEHTbl 

OopMa H pasMepbi HenpHMOjiHHeHHofl op6HTbi cnvTHHKa 


onpe 


saAaHHeM p 


rHBaiom,ero ueHrpa (K) 


H 8. riycTb HaM 

rpaBHTauHOHHbiH napaMerp npHTH- 


EcJIH B KaKOH-TO momeht 

BpeMeHH em,e HSBecTna 
HCTHHHan aHOMajiHH cnyr- 

HHKa, TO MO}KHO Bbl^HC- 
JIHTb H BEKTOp CKOpOCTH^;. 

KaK Mbi yme oTMena- 

JIH, BEKTOp V MO:»^HO paS- 
JIO}KHTb Ha ABE KOMHO- 
HEHTbl — paAHaJIbHyiO Vr 
H nOHEpEHHyiO Vn (pHC. 

2.12), npHHEM BEJIHHHHbl 

3THX KOMHOHEHT OnpEAC- 

JIHIOTCH no CJIEAyiOIAHM 



4)opMyjiaM: 



JT 


V 


r, Vn 


r0. 


Phc. 2.12. 


Ho r p/{\ 4- 8 cos 6), = o'. OrciOAa hmeem 


V 


dr dQ 

dQ dt 


pE sin 6 


o 


(1 4" B cos 6)^ * 


Vn 


a 

r 


BocnojibsoBaBuiHCb (|)opMyjiaMH (2.5.4) w (2.5.5), nojiyqHM: 


V 



K 

P 


0 


o 


p 


0 


( 1 ) 


Vn 



K 

P 


+ e cos 0) 


a 


P 


+ e cos 0) 


( 2 ) 


A6cOJIIOTHaH BCJIHiIHHa CKOpOCTH CnyTHHKa U — 


TO eCTb 


V 



K 


p 


(1 + e* + 2e cos 0), 


( 3 ) 


Hs (^opMyji (1) — (3) BbITEKaET HECKOJIbKO HOJIEBHblX CJIEA" 


CTBHH. 
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3AAAMA ABVX TE.71 


LrJI. II 


1) Hs (1) BHAHO, MTO B nepHueHTpe (0=0) CKopocTb cnyraH- 

Ka HanpaBJiena nepneHAHKyjiHpno k ero paAHycy-BeKTopy 
(h6o Vr = 0 ) H HMeeT naudoAbiuee hs bosmokhbix SHa^ennH: 



max 





2) B anoueHTpe (ecjiH op6HTa — sjuihoc) CKopocTb cnyx- 
HHKa TaK>Ke HanpaBJiena nepnenAHKyjinpHO k ero paAnycy- 
BeKTOpy H HMeeT HauMenbiuee ns B03M0>KHbix snanennH: 


^min — '^oL 




3) Ecjin HSBecTHbi Macca npHTHmaaiomero uenipa, nojio- 
^enne cnyranKa OTHocHTejibno npHTHmaaioiAero uenxpa n 

BeKTOp CKOpOCTH CnyTHHKa B KaKOH-TO OAHH MOMeHT BpeMeHH, 
TO no 3THM AaHHbIM MOJKHO OnpeAeJIHTb BeJIHHHHy H (J)OpMy 

op6HTbi. 3to cjieAyeT ns Toro (J)aKTa, hto hs rpex ypaBnennH 

(2.5.5), (1) H (2) no TpeM BeJiHnnnaM r, Vr, Vn mohcho onpeAe- 

JIHTb 8, p. 

4) npaBHJio pbinara. B cjiynae sjuinninnecKOH 

op6HTbi CKopocTH CnyTHHKa B nepHueHTpe Vt^ h anoueHTpe v^, 

CBHSaHbl C paCCTOHHHHMH 3THX TOUeK OT npHTHTHBaiOIUCrO 

ueHTpa h ra) cjieAyiomeH npocTon saBHCHMOCTbio: 



Hhbimh cjiOBaMH, CKopocTb CnyTHHKa B nepHueHTpe bo ctojib- 
Ko pas 6 ojibuie CKopocTH cnyTHHKa b anoueHTpe, bo ckojibko 
pas paccTOHHHe nepnuenTpa ot uenTpa npHTHHceHHH Menbuie 
paccTOHHHH anoueHTpa ot tofo me ucHTpa npHTHHceHHH. 

ileHCTBHTeJIbHO, H3 pHC. 2.9 BHAHO, HTO 

= a + c = a {I e), =■- a — c = a {I — e). 

Hs 3 THX paBencTB h hs (4) h (5) cjieAyeT (J)opMyjia (6). 

OopMyjiy ( 6 ) HHorAa nasbiBaiOT npaeuAOM punaea, h 6 o ona 
AonycKaeT Tanyio narJiHAHO MexaHnnecKyio HJiJiiocTpauHK): 

ecjiH npeACTaBHTb ce 6 e 6 ojibmyK) ocb sjijinnca b bhac pbinara 
c onopoH B TOHKe ^ H K KOHuaM STOFO pbiHara A' wFI noABecHTb 

rnpH c BecaMH, nncjieHHO paBHbiMH cooTBeTCTBenno Va. h to 
Becbi OKancyTCH b paBHOBecHH. 
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SaAaHH 


1 . iloKa>KHTe npaBH.To pbiqara npH noMoinH HHxerpaJia nJioLua;;eH. 

2. Ecjih KocMHqecKan panexa Ha Bbicoxe 230 km uaji 


I nOBepXHOCXbKD 

SeMJiH noJiyMHx napajiJiejibHo acMHOH noBepXHocxH CKopocxb 10 kmIcck, 

TO anoreft ee opOHXbi oKa>Kex- 

CH npHMepHo Ha paCCXOHHHH 

370 000 KM ox uenxpa Somjih. 

Kanyio cKopocxb Oy^ex HMexb 
panexa b anoree? 

3. KoCMHHeCKHH KopaOjib 
coBepmaex nepejiex c BbiKJiio- 
qenHbiM ;i.BHraxejieM b Me>K- 
HJianexHOM npocxpancxBe na 

XaKHX OoJIbUJHX paCCXOHHHHX 

ox HJianex, mxo mo>kho npene- 

HX npHXH>KeHHeM H 


OpeMb 


yqHXbiBaxb xoJibKO npHXH>Ke- 

HHe KopaO^TH K CoJiHuy. B ne- 

(«HaHaJlbHbIH») MO- 

Korna ko- 



KOXOpblH 

MOHX BpeMeHH 

paOJib Haxoj^HJiCH b xomko Pq 

m paccxoHHHH To oxCoJiHua, OH HMOJi CKopocxb Vq, npHHeM yroJi Me>K;iy 

BeKXOpOM CKOpOCXH KOpaOjIH H 6X0 HOHepeMHOH KOMnOHCHXOH V^6UJ\ B 3XOT 

MOMCHx paBeH a (pHC. 2.13). 

HaHAHxe HcxHHHyio anoMajiHio 
Oq KopaOJiH B paccMaxpHBae- 

MblH MOMCHX BpeMeHH /q* ^^O 

paccxoHHHe ox CoJiHua b mo- 
Menx ^poxo>K;^eHH5^ qepes ne- 


pHxeJiHH r 

8 H (j30KaJl 


n 


SKCUeHXpHCHXeX 

)iH napaMexp p 


Op^HXbl KopaOjiH. 

4. KocMHqecKHH Kopa(5jib, 

0 KOXOpOM rOBOpHXCH B ycjio- 

BHH npeAbi;iyii;eH 3 a;;aqH, qe- 

pe3 HeKoxopoe BpeMH npHuieji 

P Ha 


B xoqny 
ox CojiHua 


BpeMH 


pacCXOHHHH r 

(pHC. 2.13). 3a 
nepejiexa ox Pq P 
pa;;Hyc-BeKxop cnyxHHKa ohh- 
caj] yroji 7 . fljiH o^pe;^eJIeH- 
hocxh 



Phc. 2.14. 


Sy^eM 


noJiaraxb, qxo 

<C T <C Jt. rioJiyqHxe (j3opMy- 

•Hbi BbiqHCJieHHH ypjia Y- 

5. KocMHqecKHH KopaOjib hbxoj^hxch BXOHKe Pq ua opOHxe Somjih. Oh 
AOJiJKeH coBepiHHXb nepeJiex k opOHxe Benepbi h npoHXH qepea aa^anHyK) 
xoqny P^ na sxoh opOHxe. Sa^ana BeJiHqHHa yxjia PqSPi (y). npHMepHbiH 
bh;; opOHXbi H HanpaBJieHHe noJiexa KopaOjiH yKaaaHbi na pHc. 2.14. KaKHM 
AOJiJKen Obixb yroji p Mex^^y pa^HycoM-BexxopoM KopaOJiH h BenxopoM 



64 


3AJ\AHA ABVX TEJl 


trji. Il 


ero CKopocTH Vq b roMne Pq, ecjiH nepejiei Ao^>KeH 6biTb coeepmeH npH mh- 

HHMaJIbHOM SHaiieHHlI CKOpOCTH Vq? BblMHCJIHie 3Ty MHHHMaJIbHyiO CKO- 

pocTb. THroTCHHeM K SeM.ie h Benepe mo>kho npeHe6peMb. PaccTOHHHH 
SPq h SPi paBHbi cooTBercTBeHHo u 

6. PeuiHie npej^biAymyio sa^a^y b npeAnoJioxcenHH, hto 

Tf — 120°, R^ ~ 148-10® KM, R^ = 108-10® km. 


§ 7. 3ABHCHMOCTb XAPAKTEPA OPBHTbl CnVTHHKA 
OT BEJIHHHHbl HAHAJlbHOfl CKOPOCTH 

1 . riycTb B KaKOH-To MOMeHT BpeMeHH CKopocTb cnyT- 
HHKa He KOJiJiHHeapHa ero paAHycy-BeKTopy. B laKOM 

cjiynae cnyTHHK 6 yAeT ABHraibcn no sjuinncy, napa 6 ojie hjih 
rHnep 6 ojie. 

OoKanCeM, HTO eCJIH HSBeCTHbl JIHUIb B OAHH MOMeHT 

BpeMeHH paccTOHHHe ro cnyTHHKa ot npHTHTHBaioiAero ueHTpa 
H a 6 cojiK)THaH BejiHHHHa CKopocTH Vq, to yme mojkho CKaaaTb, 

KaKOB 6yAeT xapanrep op6HTbi (to ecTb 6yAeT jih ona ajuinn- 
coM, rnnepOojioH hjih napadojioft). BocnojibsyeMCH panee no- 
jiyneHHOH (J)opMyjioH 

B = y \ + h^. ( 1 ) 

3 Aecb 

h=^vl — 2/C/ro. 

• Khk HSBecTHO H 3 aHajiHTHHecKOH reoMeTpHH, op 6 HTa 6 yAeT 

ajIJIHHCOM, KOFAa 8 1 . Ho 8 1 TOFAa H TOJIbKO TOPAH, 

KorAa <C 0 , to ecTb npn ycjiOBHH 

( 2 ) 


AnajiorHHHo mojkho noxasaTb, hto op 6 HTa cnyTHHKa OyACT 

napaOojioH b tom h toabko tom cAynae, kofah = 0 , to ecTb 
ecAH 



( 3 ) 
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H rHnep6ojioH, ecjiH > 0, to ecTb npH ycjiOBHH 




2. Mbi AO CHX nop npeAnojiarajiH, ^TO CKopocTb cnyrnnKa ne 

HanpaBJiena no iipHMon, coeAHH5noLu,eH npHTHTHBaiomnn uenTp 
CO cnyTHHKOM. CAynau npHMOAuneuHoao deuMenuH 
cnyTHHKa mojkho paccMarpnBaTb kbk npeAejibnbin 
AJih sjiJinnTHqecKoro, napa6ojiHnecKoro hjih rnnep- 
6ojiHnecKoro ABH^KCHnn. IlycTb b KaKon-TO mo- 

MCHT 4 cnyTHHK saHHMaeT nojio>KeHHePo (pwc. 2.15) 

H BCKTOp CKOpOCTH CnyTHHKa HMCeT B 9 TOT MO- 

MCHT TaKoe me nanpaBJicnne, KaK BCKTOp APq. 

Ecjih 1^2/C/ro, to cnyTHHK, AocTHrnyB 

HaH6ojibmero yAajienHH ot npHTHTHBaioiuero ucht- 
pa Ta = AA'y nanncT naAaTb no npnMon na npn- 

TnrHBaiouiHH ucHTp. TpaeKTOpnn cnyTHHKa — cjio- 
}KeHHbie BMccTc ABa OTpesKa PqA' hA'A oahoh 
H TOH me npHMoft. OTpesoK AA' mojkho paccMaT- 
pHBaTb KaK npcAeJibHoe nojiojKeHHC Ayrn sjiJiHnca Phc. 2.15. 
c (J)OKycaMH A k A' . TaKoe nojio^KenHe nojiynHM 
npn ycjiOBHH, hto p 0. 

Ecjih = J/^ ^Klr^y to cnyTHHK P 6yAeT onncbiBaTb jiyq, 
HeorpaHHHeHHo yAajinncb baojib npHMOH APq. Sry jihhhk) 

MO>KHo paccMaTpHBaTb KaK npcAejibHoe nojio>KeHHe Ayrn 

napa 6 ojibi. llpH HeorpaHnncHHOM yAajicHHH ot tohkh A cko- 
pocTb cnyTHHKa 6 yAeT HMCTb cbohm npcAejiOM Hyjib. 

AHajioPHHHO, ecjiH Vq > ]/^2/C/ro,TO cnyTHHK TaKxce 6yAeT 

onHCbiBaTb jiyq, HcorpaHHqcHHO yAajiHHCb ot ToqKH A. Elpn 

3T0M CKOpocTb 6yAeT npH6jiH>KaTbC5i K HCKOTopoMy npcAejiy 

^CX) =f= 0. 

PoBOpHT, qTO cnyTHHK HMCCT B AaHHblH MOMCHT BpCMCHH 

sjiJiHnTHqecKyK), napa6ojiHqecKyK) hjih rHnep6ojiHqecKyK) cko- 

pOCTb B SaBHCHMOCTH OT TOPO, 6 yAeT JIH CPO CKOpOCTb yAOBJICTBO- 

PHTb ycJIOBHK) (2), (3) HJIH (4). 

3. napa 6 ojiHqecKyio CKopocTb mo>kho onpcAejiHTb kbk mh- 

HHMajIbHyiO CKOpOCTb, KOTOpyK) CJICAyOT C 006 li;HTb MaTCpH- 

ajibHOH ToqKc ajih Toro, qTo6bi ona Morjia yAaJiHTbcn Ha jno6oe 
CKojib yroAHo 6ojibmoe paccTOHHHC ot npHTHPHBaioiAero 

^ B. BajiK 
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3AAAqA ABVX TEJt 


irji. 11 


ueHTpa. Ha paccTOHHHH r ot npHTHnieaiomero ueHxpa na- 
pa6ojiHqecKa5i CKopocTb paana 



HesaBHCHMO ot toto, b KaKOM HanpaBJieHHH MarepHajibHaH 
ToqKa nojiy^HT raKyio CKopocTb, OHa 6 yAeT yAajiHTbCH Heorpa- 
HHqeHHO OT npHTHTHBaioinero ueHTpa (ecjiH TOJibKO ne ctojik- 

HeTCH c hhm). 

npH pemeHHH saAaqn o AByx Tejiax mh AeJiajiH ynpomaio- 
luee AonyiAeHHe, qTO THroTenneM cnyTHHKa ko bcom TejiaM, 
KpoMe OAHoro (ueHTpajibHoro Tejia), bosmojkho npeHe6peqb. 
3to Ha npaKTHKe AonycTHMo JiHuib b neKOTopoH orpaHHHen- 
HOH o6jiacTH D npocTpancTBa. HosTOMy npaKTHHecKH «yAa- 
AeHHe Ha ckojib yroAHO 6ojibmoe paccTOHHHe ot ueHTpajibHoro 
Tejia» cjieAyeT noHHMaTb KaK AOCTHHcenne rpaHHUbi stoh o6- 
jiacTH. riojiyqHB napa6ojiHqecKyK) hjih rHnep6ojiHqecKyK) 

CKOpOCTb OTHOCHTeJIbHO npHTHTHBaiOLAerO UeHTpa A, CnyTHHK 

qepes nenoTopoe BpeMH AOJi>KeH hoaohth k rpaHHue toh o6- 

JiaCTH.Z), BHyTpH KOTOpOH 6111,6 AOHyCTHMO np6H66p6qb BJIHH- 
HH6M Ha H6rO ApyTHX T6JI, KpOM6 T6Jia A. 

Tax, HanpHM6p, o6cTOHJIO AGJIO C n6pBOH C0B6TCK0H kocmh- 

q6CKOH paK6TOH, 3anyLu,6HHOH 2 HHBapq 1959 roAa B.CTopony 
JlyHbi. riojiyqHB y noB 6 pxHOCTH 36Mjih rHn 6 p 6 ojiHq 6 CKyK) cko- 

pOCTb, paK6Ta q6p63 H6K0T0p06 Bp6MH BblUIJia H3 TOH 06 jiaCTH 

npocTpancTBa, rA 6 AonycTHMO 6 biJio np 6 H 66 p 6 qb bjihhhhom 

BC6X ApyrHX T6JI, KpOM6 36MJIH. YjKO q6p63 H6CKOJIbKO AH6H 
CB06r0 ABH>K6HH51 OHa BOUIJia B o6jiaCTb, rA6 p6maK)UI.66 BJIHH- 
HH6 Ha ABH}K6HHe paK6TbI OKa3bIBa6T B03A6HCTBH6 CojIHUa H TAB 
T5irOTeHH6 K 36MJI6 HHqTOJKHO. B HOBOM HOJIOHCOHHH 66 ABH- 
HC6HH6 0Hp6A6JIH6TCH C AOCTaTOqHOH TOqHOCTbK) npHT51}K6HH6M 
OHHTb-TaKH TOJibKO OAHOTO, HO y}K6 ApyrOTO T6Jia — CoJIHUa. 
PaK6Ta ABHHC6TC51 BOKpyr CoJIHUa HO Op6HT6, KOTOpyK) 663 

OIAyTHMOH OmH6KH MO}KHO CHHTaTb SJIJIHHCOM. 

4 . PaccMOTpHM T 6 n 6 pb qacTHbiH cjiyqan 3 JiJiHnTHq 6 CKoro 

ABHHC6HHH: KOTAB Op6HTa CnyTHHKa HBJ1H6TCH OKpyjKHOCTbK). 
CKOpOCTb, KOTOpyiO AOJI>K6H HM6Tb CHyTHHK A.^H TOTO, qT 06 bI 

6ro op6HTa 6biJia OKpyjKHOCTbio, Ha3biBa6TC5i Kpyaoeou cko- 

poctnbto. HaHABM 66 B6JIHqHHy H HanpaBJI6HH6. 

riyCTb CnyTHHK HaXOAHTCH Ha paCCTOHHHH Tq ot npHTHTH- 

BaK)uj,6ro u6HTpa. B abhhom cjiyqao e = 0 h b jho6oh mom6HT 
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epeMeHH 

nojiy^HM 


r - p 

HTO V 



^ r 

r ■ 



0 


npH noMOuj,H (J)opMyji ( 2 . 6 . 1 ) ii ( 2 . 6 . 2 ) 


0 , V 


n 


VK/p 


V Kir 


0 


n03T0My Kpy- 


roBan CKopocTb cnyxHHKa HMeex BejiHqHHy 



TaK KaK Vr — 0 , TO Kpyaoean CKOpocrtib nanpasAena nepnen- 
duKijAHpHo K paduycy^eeKtnopy cnymnuKa. Ecjih me cnyxHHK 

HMeeT CKopocTb, paBHyK) no Bejinn.HHe YK/r^, ho ona ne nep- 
neHAHKyjinpna k ero paAHycy-BeKTopy, to cnyTHHK 6 yAeT 
onHCbiBaTb sjiJiHnc BOKpyr npHTnrHBaiouiero ueHTpa (hjih 6 y- 

ABT ABHPaTbCH DO OTpeSKy npHMOH). SKCUeHTpHCHTOT 3 TOrO 

3jiJiHnca onpeAeJineTcn hs (J)opMyji 

a = sm (p = 1 / — roSincp, 



PAe (p — yroji Me^KAy paAHycoM-BeKTopoM cnyTHHKa h bokto- 

POM ero CKOpOCTH. 

n03T0My 




K Kr^ sin^cp 




Ha 4 )opMyji ( 5 ) h ( 6 ) cjieAyeT: 

^nap “ ^KpY 2 ~ 1,4 ^Kp* (S) 

Mo}kho Tenepb nepenncaTb HHTerpaji aneprHH ( 2 . 3 . 2 ) b cjie- 

AyioiAeM BHAe: 

= t'Lp + h, ( 9 ) 

hjih 

= Vnap + vl,. ( 10 ) 

5 npH paccMOTpeHHH cnyTHHKOB peajibHoro He 6 ecHoro Te- 
(SeMjiH HJIH ApyroH njianeTbi; Jlynbi hjih Apyroro ecTecT- 
BeHHoro MaccHBHoro cnyTHHKa KaKOH-jiH 6 o njianeTbi; CojiHua 


5* 
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HJIH KaKOH-JIH6o APyrOH SBeSAbi) CJieAyeT HMeXb B BHAy, ^TO 
9T0 Tejio He TOHKa, HTO OHO HMeeT onpeAejieHHbie pasMepbi. 

B npocTeHuiHx pacneiax BMecTo peajibHoro KOCMHqecKoro 

TeAa T paccMaxpHBaeTCH ero MOAejib b bhac mapa (co c(J)epHqe- 

CKHM pacnpeAejieHHeM hjiothocth), HMeioiAero Taxyio 
Maccy H TaKOH me 06^6^1, kbk tojio T; paAHyc TaKoro mapa 
HasbiBaeTCH cpednuM paduycoM Tejia T, 

TaK, HanpHMep, bmocto peajibHOH SeMJiH c ee cjiojkhoh 
reoMeTpHqecKOH h MexaHHqecKoft crpyKTypofi paccMaxpHBaeT- 
CH map Toro me 06'beMa («3eMHOH map»); paAHyc SToro mapa — 
cpeAHHH paAHyc SeMJiH — cocTaBJinex 6371,0 km. 

nycTb ueHTpajibHoe xejio T — HAcajibHbift map (co C(J)e- 
pHqecKHM pacnpeACJieHHeM hjiothocth) paAnyca Kq. 

rioA nepeou KocMunecKOU cKopocmbfo OTHocnreJibHO A^HHoro 
KOCMHqecKoro Tejia (njianeTbi, SBesAbi h t. n.) noHHMaiOT Kpy- 
roByio CKopocTb vi y noBepxHOCTH sToro xejia. Snan nepayio 
KOCMHqecKyio CKopocTb, jierKO noAcqHTaxb nepnoA Tq o6pa- 
meHHH TaK Ha3biBaeMoro HyAeeoao cnymnuKa 3Be3Abi (hjih 
njianeTbi), to ecTb THnoTeTHqecKoro cnyTHHKa, KOTopbiH abh- 
rajiCH 6bi no OKpy^KHOCTH b HenocpeACTBennoH 6 jih30Cth ot 
noBepxHocTH He6ecHoro TeJia npn Aonyii;eHHH, hto sto tcjio — 

HAcajibHbiH map. 

HoA emOpOU KOCMmeCKOU CKOpOCmbtO OTHOCHTeJIbHO ABHHoro 

KocMHqecKoro Tejia (3Be3Abi, njianeTbi h t. n.) noHHMaiOT napa- 
6ojiHqecKyK) CKopocTb V\\ y noBepxHOCTH KOCMHqecKoro Tejia. 

n p H M e p 1. BbiqncJiHTb I h II KOCMHqecKHe CKopocTH 
OTHOCHTeJIbHO SeMJiH H nepHOA 7"o o6pam,eHH5i ee nyjieBO- 
ro cnyTHHKa. llycTb m3 — Macca Scmjih. CpeAHHH paAHyc 
3eMJiH To = 6371 KM, K ftris. Cnjia, c KOTopoH Scmjih 

npHTHTHBacT Maccy m, paBHa fm^mlrl h b to me BpeMH paB“ 
Ha mg’o, TAC go — ycKopeHHe cboOoahoto naACHnn na noBepx' 

HOCTH SeMJIH. OTCIOAa 

ftnstn/rl = mgo, K =- fm^ = gorl\ 

yj = YWr^ = Yg^^ = 1/9,820-6371-10=* 

» 7910 MiceK X 7,9 km/cck: 

Vn = ~ 7910 -1,414 11,2 km/cck. 

TaK KaK A-JIHHy 6ojIbIIJOH OKpyjKHOCTH Ha nOBepXHOCTH 

SeMJIH MOHiHO npHHHTb paBHofi (b cpe^HeM) 40 030 KM, TO 

To = 40 030/7,910 ^ 5060 ceK = 84V3 muh. 
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PasyMeeTCH, na npaKTHKe HeeosMOjKHO aanycTHTb nyjie- 
boh cnyTHHK. OAHaKo ASHHbie o TaKOM Boo6pa}KaeMOM cnyT- 

HHKe (ero nepnoA o6paiAeHH5i To, paAHyc ero op6HTbi Tq, nep- 

Ban KOCMHqecKan CKopocTb Vj) Moryx 6biTb Hcnojibsoea- 
Hbi B KaqecTBe STaAona npn BbiqncAeHHH Aannbix o Apy- 
PHX, peaAbHbix cnyxHHKax *). IlpoHAAiocTpHpyeM 9to Ha 

npHMepe. 

n p H M e p 2. KaKOBa KpyroBan CKopocTb h nepHOA 
o6paui.eHHH T cnyxHHKa, BpaLu,aiou;erocH Ha paccTOHHHH r ot 

ueHTpa .3eMAH ? 



OTciOAa, ueyKjxy npoHHM, bhaho, hto c yAHAenneM ot ueHTpa 
3eMAH KpyroBaH CKopocTb cnyranKa y6biBaeT (a anaHHT, y6bi- 
BaeT H nponopUHOHaAbHaH eft napa6oAHqecKaH CKopocTb), 

a ero nepHOA o6paLu,eHHH BoapacTaer. 

BoAee HOAesHbiM, qeM nyAeBoft cnyxHHK, b poAH sraAona 
OKaaaACH 6bi KpyroBoft cnyxHHK 3eMAH, BpaLu,aiou;HftcH Ha 

Bbicoxe OKOAO 170—300 km (nanpHMep, na Bbicoxe 230 km^ 

TO eCTb Ha paCCTOHHHH 6600 KM OT ueHTpa 3eMAH). 

Sa^aHH 

1. CnyTHHK CoJiHua Haxo;;HTCH Ha paccxoHHHH 149,6- km ot uenTpa 
CojiHua. HaHAHTe Kpyroeyio h napaSoJiHqecKyio CKopocTH oTHOCHTejibHo 

CoJIHUa Ha 3TOM paCCTOHHHH. 

2. Kanyio cKopocTb ;;oJi>KeH noJiynHTb KpyroBOH cnyxHHK Scmjih, o6- 

pamaiOmHHCH B nJlOCKOCTH SKBaTOpa, TOrO HTo6bI OH BCe BpeMH 

Haxo^HJicH Ha;; oahhm h tcm >Ke nyHKTOM SKBaxopa? Ha KanoH Bbicoxe 
AOJi>KeH 6biTb aanymen TanoH «cyTOHHbiH» cnyxHHK? 

-3. CoBOTCKaH KOCMHHecKan paKexa, aanymennaH 12 cenTaSpH 1960 ro- 

Aa H nonaBinan b JTyny, HMejia na paccTOHHHH 320 000 km ot ueHTpa SeivuiH 

CKOpOCTb OKOJIO 2,31 KMiceK OTHOCHTeJlbHO SCMJIH. CuHTaH, HTO ;;BH>KeHHe 

paKCTbi npoHCxoAHJio (ot KOHua naccHBHoro yuacTKa MOMeHxa y;;ajieHHH 

*) SaMCTHM, HTO BO MHOPHX nOHyJIHpHblX KHHraX no KOCMOHaBTHKe 
B KaqecTBe^pauHyca opOHTbi nyjieBoro cnyTHHKa Scmjih npHHHMaiOT SKBa- 

TopHajibHbiH pa;;Hyc SeivuiH. PaayMeeTcn, ot SToro nyjieBofl cnyTHHK He 
CTaHOBHTCH 6ojiee peajibHbiM, 6oJiee ocymecTBHMbiM. 



70 


3AAAWA ABVX THJl 
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Ha paccTOHHHe b 320 000 /cjw) no KOHnnecKOMy ceneHino, onpe;i,ejiHTe, 
6biJia TpaeKTopHH paneTbi sjuiHOTHnecKon, rHnep6ojiHHecKOH hjih napaOo- 
jinnecKOH. 

4. OpOnxy Jlynbi mo>kho b nepBOM npH6jiH>KeHHH CHHxaib onpy^K- 
Hocxbio pa;;Hyca R 384 400 km GO^o (^q — pa;;Hyc SeMJin). HanjIHxe 
KpyroByio cKOpocxb n napaGoJiHqecKyio cKopocxb (oxHOCHxejibHo 

SeMJlH) B XOHKaX 3X0H OpOHXbl. 

5. BblHHCJIHXe I H II KOCMHqeCKHe CKOpOCXH OXHOCHXeJlbHO JlyHbl. 

6. BbiHHCjiHxe JiHHeHHyK) cKopocxb H nepHOA o6paii;eHHH KpyroBoro 
cnyxHHKa, ;;BHraK)ij;eroCH Ha paccxoHHHH 6600 km ox nenxpa SeMJiH. 

§ 8. SJlJlHnC H rHOEPBOJlA 
C EAHHOfl TOHKH 3PEHH^ 

1. HeKOTopbie Ba^KHbie CBoftcTBa ABHjKenHH cnyxHHKa 

(})OpMyjIHpyK)TCH H AOKaSbiBaiOTCH nO-paSHOMy B SaBHCHMOCTH 

OT Toro, 6yAeT jih ABH^Kenne sjiJiHnTHqecKHM hjih rHnep6ojiH- 

HeCKHM. OAHaKO MO}KHO A^Tb TaKOH aHaJIHTHHeCKHH nOAXOA 
K 3THM KpHBbIM, KOTOpblH HOSBOJIHT HOJiyHHTb edUHblU BbIBOA 
CBOHCTB o6oHX BHAOB ABHJKeHHH. 

JIjih sToro BOcnojibsyeMCH neKOTopbiMH sjieMeHxapHbiMH 
CBeAeHHHMH H3 TeopHH ^^yHKUHH KOMHJieKCHoro HepeMeHHoro. 

TpHroHOMeTpHHecKHe (|)yHKUHH cos Z H sin Z H noKasarejib- 

Hyio (})yHKUHK) paccMaxpHBaiOT b MaxcMaTHKe He tojibko 

npH BeiuecTBeHHbix, ho h npn npoHSBOJibHbix KOMnjieKCHbix 

SHaneHHHX Z *), onpeAejiHH hx khk cyMMbi 6ecKOHeHHbix cxe- 
neHHbix phaob: 

72 74 V 2 n 

cosZ = 1 —— . . . + 1) 

73 75 y2/2 + l 

sinZ = Z -f + (-1) (2n + l)! + • • •> 

72 7^^ 

I +Z • • •» 

OTCiOAa jierKO nojiyqnTb HSBecTHbie (|)opMyjibi Sfijiepa 

eiz — (.Q5 2 I gjfi z, 

cos Z = -i + e-‘^), sin Z = ^ _ g-zz). 

*) Cm., HanpHMep, A. O. B e p m a h x, KpaxKHH nypc MaxeMaxHne- 

CKoro ana^JiHsa, OHSMaxrHS, 1963, hjih [0.20]. 
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sjijiHnc H rnnEPBOJiA c e^hhopi tomkh 3pehh5i 


Hs 3THX (})opMyji BbiTeKaeT, eanpHMep, ^TO npn Afo 6 oM KOMti- 

AeKCHOM Z 

cos^ Z + sin^ Z = 1. 

rio anajiorHH c TpHPOHOMeTpHqecKHMH (})yHKii;H5iMH onpe- 

;;eJi 5 iioTCH h Tax HasbiBaeMbie rHnep6ojiHqecKHe (J)yHKUHH 

ch Z H sh Z: 

ch Z = y + e-2), sh Z = y (e^ _ g-^). 

JlerKO npoBepHTb, ^to npn jiio 6 om t 

cos it = ch t, sin it = i sh t. 


ripH HSMCHeHHH BeilieCTBCHHOrO / OT 0 AO oo H OT 0 AO — OO 

ch t MOHOTOHHO BOSpaCTaCT OT 1 AO oo, npH HSMCHeHHH t OT 
— oo AO OO sh / paCTCT OT — OO AO OO. 

2 . riycTb a n b — Ana KaKHX-JiH 6 o hoctohhhbix HHCJia. 

PaCCMOTpHM ABa ypaBHCHHH 

X — a cosZ, 

y = b sin Z 



npH AByX paSJIHHHblX npCAnOJIOHCCHHHX OTHOCHTCJIbHO a, 6, Z. 

CjiynaH 1. a ^ b ^ Oy Z npo6eraeT BeuiecTBCHHbie 


SHaneHHH ot 


oo AO oo 


Cjiynaft 2. a<^0,6 


i \b , Z — iHy H npoderacT 


BcmecTBCHHbie SHaneHHH ot — oo ao oo. 

HeTpyAHO npoBepHTb, hto hc tojibko b cjiyqae 1, ho h b 
cjiyqae 2 x n y — BcmecTBeHHbie qncjia. Hcho TaK>Ke, qTO 

TOqK^ p\ KOOpAHHaTbl KOTOpOH OnpeACJIHKSTCH (|)OpMyjiaMH (1), 
yAOBjieTBopqeT ypaBHCHHio 



Ho (2) - 

(KOTAa b 


3 T 0 ypaBHCHHe dAAunca b cjiyqae 1, a b cjiyqae 2 


il b I) 


3 T 0 ypaBHCHHC eunepdoAbi: 
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B cjiy^ae 1, Kor^a Z npo6eraeT BeiuecTBeHHbie sna^eHHH ot 0 
AO 2jt, To^Ka P (a cos Z, b sin Z) onHCbiBaer sjijiHnc 
(pHC. 2.9), nepeMeiuancb no neiviy npoTHB nacoBoft CTpejiKH. 

npH IIBMeHeHHH Z OT — oo j^o oo TO^Ka P MHOTOKpaTHO 

onncbiBaeT stot sjijinnc. 

B cjiynae 2 npn HSMenennH H ot — oc jxo oo TonKa 
P (I a I ch //, b sh H) onnineT JiCByio BCTBb rHnep6ojibi b na- 
npaBJicHHH, yKasannoM cTpejiKoft na pnc. 2.10. 

BBCAeM eme nncjio c no (f)opMyjie 


c 


Va^ 


b\ 


(4) 


KaK B cjiynae 1, Tax n b cjiynae 2 noAKOpennoe BbipajKenne — 
BeiAecTBCHHoe HeoTpHuarejibHoe nncjio. ycjiOBHMcn b Kane- 
CTBe snanennH Kopnn Opaxb ero neoTpHuaTejibnoe ananenne, 
ecjiH b — BemecTBCHHoe nncjio (cjiynaft 1), n oTpHuarejibHoe 
ananenne Kopnn, ecjin b — mhhmoc nncjio (cjiynaft 2) *). Flpn 

TaKOM BbiOope anaKOB Mbi nojiynHM, nro b cjiynae 1 reoMCTpH- 
necKHM MecTOM ToncK njiocKOCTH, cyMMa paccTonnnH KOTOpbix 

OT TOMKH A (c, 0) H P (— c, 0) paBHa 2a, HBjineTcn ajijinnc 
(pnc. 2.9), aaAannbin (}) 0 pMyji 0 H (2). B cjiynae 2 reoMeTpnne- 

CKHM MeCTOM TOnCK P, A-HH KOTOpbIX paaHOCTb paCCTOHHHH OT 

ToncK A (c, 0) H P (— c, 0) paBHa 2a (to ecTb jxjih KOTopbix 

AP — PP = 2a), ecTb Aeean BCTBb rnnepOojibi (pnc. 2.10). 

HcTpyAHO npOBCpnTb, hto b npnnnTbix HaMn o6oaHaneHnnx 
MHorne (})0pMyjibi jxJi^ ajijinnca n rnnep6ojibi onaabiBaioTcn 
eduHbiMUy HanpnMcp: 



B A^t^bHenineM Mbi BocnojibaycMcn tcm, hto bcc (})OpMyjibi, jio- 
rnnecKn BbiTexaiomne na CAnnbix (j)opMyji A«nn ajiJinnca n rn- 
nep6ojibi, TaKx^e 6yAyT nivicTb OAnn n tot >Ke BnA A.nn KpnBbix 
o6onx TnnoB. "^ncjio a, BxoAHUj,ee b cAnnwe ypaBHCHnn ajijinn- 
ca n rnnep6ojibi (1), naaoBCM aAosHou noAyocbfo cooTBCTCTByio- 
meii KpnBon. Kan bbaho na npcAbiAymoro, rjiannan nojiyocb 
ajijinnca nojioJKnTCJibna (ona panna A«nnHe ero 6ojibmon nojiy- 
ocn), a rJiaBHan nojiyocb rnnep6ojibi oTpnuaTeJibna (ona paBHa 


*) Hhcjio c HMeeT npocTOH reoMCTpHHecKHH CMbic;i; 3 to a6cuHcca cj)CK 
Kyca A sJiJiHnca hjih rHnep6oJibi. 
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BemecTBeHHOH nojiyocH rHnep6ojibi, bbhtoh co snaKOM 


HVC). npHMeM, HTO npH 8^ 




8 



ly 8 


npH 


HeM 



8 


>0 



8 



> 0 (6epyTCH nojio^HxejibHbie 


BHaqeHHH KopHeft). npH TaKHX ycjiOBHHX H AJiH rHnep6ojibi 


ocTaeTCH cnpaBeAJiHBOH (j)opMyjia b 


a 


Vi 


8 


r 

2 


§ 9. CB^3b KOHCTAHTbl 3HEPrMH CnVTHHKA 
C BEJlMHHHOfil EJlABHOfl nOJlVOCH EEO OPBHTbl 



3 Mbi nojiyqHjiH HHTerpaji sneprHH 




Ecjih cnyxHHK naxoAHtcH b nepHUeHTpe, to r — v = 

H n03T0My 



TO eCTb 

A ^ 

AZ -- 

a 

Tenepb HHTerpaji sneprHH mo>kho sanHcaTb b hhom bhao: 



( 3 ) 

( 4 ) 


HJIH 




OocjieAHHe (j)opMyjibi BepHbi kbk ajih sjiJiHnca (a > 0), Tax h 
AJ iH rHnep6ojibi (a 0); ohh BepHbi h napa6ojibi (a oo; 

^ 1). B cjiynae rHnep6ojiHHecKOH op6HTbi a = — |a|, 
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h — v^\ no3TOMy 




B cjiynae sjijiHnca 2a — r = r^e — paccTOHHHe 

cnyTHHKa w «nycToro» (j)OKyca F, b KOTOpoM He naxoAHTcn 
npHTHrHBaioiuHft ueHTp (stot (})OKyc HHorAa naabiBaioT «aHTH- 

(})OKycoM»). HsBecTHO, HTo K/r^vlp, rAe v^p —MecTHan Kpyro- 
Ban CKopocTb b Toii TOHKe, rAe naxoAHTCH cnyxHHK. FIosTOMy 




Sry (})opMyjiy mo>kho sanHcarb TaK*. 

V = v^pY rj/1 a I. (8) 

B TaKOM BHAe OHa Bepna h jxjih rHnep6ojibi. 

n p H M e p. Bbicora nepHren Tpexbero coBexcKoro HC3 
B nepBbie ahh nocjie aanycKa (Maft 1958 roAa) 6bijia paana 
Hn == 226 KM, Bbicoxa anoren cnyxHHKa Hol -- 1880 km. Ka- 

KOBa 6biJia cKopocxb sxoro cnyxHHKa npH npoxoxKAeHHH nepea 
ero nepHreft h anoreft? 

D 2 / 2 1 \ 2a —r^ K 

PemeHHe. == K[ - —A -==-. 

^ \ rn a f ar^ a 

Wo K = grl, rAe — paAHyc SeMjiH. FIoaxoMy 

y, _ 2 ^^0 To + Ha 

- 2ro + //a> //. * /'o + //. ’ 

Va HaHAeM no npaBHJiy pbinara: v^ra — B HameM cjiy- 

nae — 6371 km, Ha ~ 1880 km, H^ ~ 226 km. nocjie Bbi- 

HHCJieHHH nojiynHM Vy, — 8,2 kmIcck, Va = 6,6 km/cck. 

2. nojibsyncb nnxerpajioM SHeprnn b (f)opMe (4), moh^ho 
CA ejiaxb HeKoxopbie ^jiK)6onbiXHbie BWBOAbi o ABHH^eHHH cnyx¬ 
HHKa no THnepdojinnecKOH opOnxe na Oojibinnx paccxonHnnx 
ox npHxnrHBaioiuero uenxpa (xo ecxb npn OojibUiHX r). 

SaMexHM CHanajia, nxo ecjin r BejiHKo (no cpaBHennio c \a\), 
xo xoHKH rHnep6oAHHecKOH op6HXbi, nepea Koxopbie npoxoAHX 
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cnyTHHK, 6 jih3kh k acHMOTOTe SToft rHnep6ojibi. A 3T0 sna- 

HHT, HTO npH 6oJIbLnHX r cnyTHHK npaKTHHeCKH ABH^KCTCH 
npHMOAuneuHO. 

noKa^KCM Tenepb, hto npH Gojibuinx r no rHnep6ojiHHecKOH 
op6HTe cnyTHHK ;;BH>KeTCH npaKTHnecKH paenoMepno co cko- 

pOCTbK) Voo- 

OopMyjiy (4) mo>kho b cjiynae rHnep6ojiHHecKoro abhjkchhh 

nepenHcaTb TaKHM o6pa30M: 



Otcioab npH r oo naftAeM 


riosTOMy 



YK! 


a 


TO eCTb 








Voo <i ^ K “OoG -\- 


rVoo ’ 



HJIH 




OycTb npH abhh^chhh baojib KaKoro-jiH6o ynacTKa ero op6H- 
Tbi Bce BpeMH BbinojiHneTCH nepaBCHCTBO r j> rQ. Totab 



EcJIH cnyTHHK ABH>KeTCH ABJICKO OT npHTHrHBBK)U;erO UCHTpB, 
TO K/{rQVoo) MBJIO. AbTO 3HaHHT, HTO Ha 6oJIbmHX pBCCTOHHHHX 

OT npHTHrHBaK)uj,ero ucHTpa cnyTHHK ABH>KeTCH npaKTHHecKH 

paenoMepno co CKOpocTbK) ^oo- 3 th coo 6 paH^eHHH mojkho hc- 


n0JIb30BaTb J\Jin npHMCpHOft OUCHKH BpCMCHH ABHH^CHHH CnyT- 

HHKa Ha ynacTKax rHnep6oAHHecKOH op6HTbi, abjickhx ot 
ueHTpajibHoro TCJia. 
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/leftcTBHTejibHO, nycTb cnyTHHK ABHx^ercH no Ayre 
rHnep6ojiHnecKOH op6HTbi, npnneM sra Ayra pacnojio>KeHa na- 
CTOJibKo ABJieKO OT npHTHTHBaKDiAero ueHTpa, nro npaKTnnecKH 


AonycTHMo cnHTaTb ABH^^enne cnyinnKa no stoh Ayre npHMO; 


JIHHeHHbIM. OycTb AP 


0 


r 


o» 


AP, 


r,, fljinny Ayrn PqPI, 


M0>KH0 npn6jinx^eHH0 cnniarb pannoft r, — r^. 

CKOpocTb V cnyTHHKa B jik)6oh MOMenT BpeMenn 6yAeT 
saKjiKDqena mo^aY ^oo h Voo + A^/(/'o^oo). FIosTOMy BpeMH jijih 

nepejieia baojib Ayrn PqP, SyAei npaKTnnecKn saKjiKDneno 


MejKAy nncAOM {r. 


ro)/v 


00 


H nncjioM 


r 


1 


r 


0 


V 


1 + 


K 


00 


f' 0^00 


KOTOpoe 6 jih3ko k nncjiy 




CjieAOBaTeAb- 


HO, ecjin npHMeM, nio cnyrnnK noTparaji na nepejiei no Ayre 

PqPi BpeMH 



TO 3a npeAeJi OTHocnTejibnon norpemnocTn mo>kho npnnHTb 

nncjio 



Tanan ouenKa nBjineTcn saebiiueHHou . B AencTBHTejibnocTn ot- 
HOCHTejibHaH norpeuiHocTb 6yAeT Menbine, Kan 3to bhaho m 
cjieAyK)Uj,nx coo6pax^eHnH. Bpeivin t, — ^ nepejiera baojib 
Ayrn PqPi mo>kho cnnraTb pasHbiM 



B cnjiy nepaBencTBa (11) nMeeM 




1 + 


K 


o 




^oc 
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HHTerpHpyn, nojiyqHM: 


ri 


dr 


0 


V 


00 


1 + 


K 


T 


K 


V 


rvL 


3 

00 


In 


r, + KIv 


2 

00 


^0 ”1“ K !^ 


2 

00 


Ho 


ri + KIv 


2 

00 


/•o 


KIv 


2 

00 


< 


^0 


ecjiH rj > rQ. FIoSTOMy 3a rpaHHuy 


a6cojiK)THOH norpeuiHOCTH npH6jiH}KeHHH 
npHHHTb nucjio 


t 


0 


T MO}KHO 


At 




V 


Hnane roBOpH, 


3 

00 


r 


(16) 


0 


T 


\n^<t 


V 


3 

00 




2 


^1 < T 


(17) 


0 


rpaHHueft oTHOCHTejibHOH norpeiUHocTH 6yAeT cjiyjKHTb 


4HCJI0 At/t, to eCTb 4HCJI0 


6 


K In (rJn) 


^00 


ri 


r 


(18) 


0 


A 3T0 4HCJI0 MeHbuie, neu K/{vl^rQ) (b CHJiy HSBecTHoro nepa- 
BeHCTBa In (1 + a) <^a npH a > 0). 


n p H M e p. KaK coo6iuhjio TACC (cm. «npaBAy» aa 26(})eB- 

pajiH 1961 roAa), coBeTCKan aBTOMaTH^ecKan Me^njianeTHan 

CTaHixHH (AMC), nocjiaHHaH b CTOpony Benepbi 12 (j)eBpajiH 
1961 ro^a, naxoAHjiacb 13 (j)eBpajiH b 12 ^acoB ahh (no moc- 

KOBCKOMy BpeMenn) na paccTOHHnn 488 900 km ot Scmjih (6y- 
ACM cnnTaTb, mo ot noBepxnocTn Scmjih). Corjiacno AannbiM 

H3 COo6lUeHHH TACC, CKOpOCTb Voo MO>KHO CHHTaTb paBHOH 

4,0 KM/ceK. '4epe3 ckojibko BpeMenn AMC yAajinjiacb ot uenTpa 
SeMJin na paccTOHnne, pannoe 1 000 000 km? (FIpeAnojia- 
raeTCH, nTO BJinnHneM Cojinua na ABH^Kenne AMC mo>kho 

B 3THX pacneTax npeneOpenb.) 

P e m e H n e. Tax Kax paAnyc SeMjin panen 6370 km, to 


Mon^no cnnTaTb = 495 000 km, r 


1 


1 000 000 KM. Hmccm 


T 


r 


1 


r 


0 


V 


00 


505000 

4,0 


126 200 ceK 


35 HOC 
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CjieAOBaTejibHO, na paccTOHHHH b 1 mjih. km ot ueHTpa SeMjiH 

AMC 6bijia 14 4)eBpajiH okojio 23 nacoB (no mockobckomy Bpe- 
Menn). Sra Aaxa n npHBe^eHa b tom >Ke coo6LueHHH TACC. 
OuennM a6cojiioTHyK) norpeinnocTb no (})0pMyjie (16): 


K 


V 


2 

oo 


398 600 
4,0^ 

10® 


25 000 KM, 


K 


V 


3 

o6 


6250, 


At < 6250 In ^ < 6250 In 2,1 < 


< 6250 • < 4800 ceK 

^ 4 \ 


1,5 Hac 


TaKHM odpaaoM, BejinnnHa ^ Bbinncjiena c norpemno- 
CTbK), He npeBOCxoAHiueft nojiyTopa nacoB: AMC OKaaajiacb 
Ha paccTOHHHH 10® KM OT SeMJiH 14 (})eBpajiH Men^Ay 21 nac. 
30 MHH. H 23 nacaMH no mockobckomy BpeMenn. 


Sa^aHH 

1. Snan CKopocTb cnyxHHKa SeMJiH b nepHree h nepHreftnoe pac- 
CTOHHHe cnyTHHKa BbmHCjiHxe ero anoreHHoe paccTOHHHe h anoreft- 

HyK) CKOpOCTb v^. 

2. HaflAHTe HaH6oJibiiiyK) h HaHMCHbuiyio cKopocTb, c KoxopoH abh- 
}KexcH SeMJiH BOKpyr CoJiHua. CpaBHHxe 3xh cKopocxH co cpeAHCH cko- 

pOCXbK) ABHJKeHHH SeMJiH BOKpyX CoJIHUa (xo ecxb C XOH CKOpOCXbK), KOXO- 

pyK) HMCJia 6bi SeMJiH, ecjiH 6bi ona ABHxaJiacb Bonpyr CoJiuua no 0 Kpy>K- 
HocxH c paAHycoM, paBHbiM cpeAHeMy paccxoHHHio ox Somjih ao CojiHua). 
SKCueHXpHCHxex s op6HXbi SeMJiH paaen Veo* b cpeAHee paccxoHHHe Sbmjih 

AO CoJiHua — 149,6-10® km . 

3. KaKyio MHHHMaJibHyK) HanaJibHyio CKopocxb Heo6xoAHMo coo6mHTb 

KocMOJiexy napajiJiejibHo noaepxHocxH Sbmjih na Bbicoxe 230 km a-^h xoro, 
Hxo6bi OH Mor nonacxb b JlyHy b ee anoree? flpHXHjKeHHeM JlyHbi npene- 

6peHb. 

PeuiHxe xy >Ke aajia^y jijih cjiyqan nonaABHHH b JlyHy b ee nepnree. 
CpeAHee paccxoHHHe Jlynu ox Somjih aj| = 384 400 km , sKCueHxpHCHxex 

jiyHHOH op6HXbi 8 = 0,055 ~ Vis. 

4. jloKajKHxe, hxo npH npoxo>KAeHHH cnyxHHKa, ABH>Kyui,erocH no 
sjijiHnxHnecKOH op6Hxe, nepea Koneu ee MajioH och CKopocxb cnyxHHKa paB- 
na no a6coJiioxHOH neJiHHHHe mocxhoh KpyroBOH CKopocxH. 

5. J3,jih xoro Hxo6bi cnyxHHK Mor A-^wxejibHoe BpeMH o6paLHaxbCH bok- 
pyr njianexbi, oh ne aojukoh npH6jiH>KaxbCH k ee noBepxHocxH 6JiH}Ke, neM 
Ha paccxoHHHe h (b npoxHBHOM cjiynae oh 6bicxpo cropHx b ee axMoccjiepe). 
CnyxHHK BbixoAHx na sJijiHnxHnecKyio op6Hxy b xohkb B na Bbicoxe H h 
HaA noBepxHocxbK) nJianexbi co CKopocxbio, HanpaBJieHHOH napajiJiejibHO 


KOHCTAHTA ^HEPTHH CHyTHHKA 
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3 T 0 H noBepxHocTH. B KaKHx npe;^ejiax AOJi>KHa Haxo;^HTbCH BejiH^Hna Ha- 
qaJibHOH CKopocTH ;^jiH Toro, mo6bi cnyxHHK Mor /^JiHxeJibHoe BpeMH o6pa~ 

maxbCH BOKpyr njiaHexbi (xo ecxb, Hxo6bi OjiaHexa c4)epHMecKOH 

cxpyKxypbi. 

6. CnyxHHK, ABH^KymHHCH no rHnep6oJiHqecKOH op6Hxe (pnc. 2.10), 
npH6jiH>KaexcH k SBeajxe c BCCbMa 6oJibmoro paccxonnHH (h3 «6ecKOHen- 
HocxH»). Ha 6oJibmHx paccxoHHHnx ox sBes^bi («Ha 6ecKOHenHocxH») oh ;;bh- 
>KexcH npaKXHHCCKH npHMOJiHHeHHo — no acHMnxoxe k cbooh opOnxe, ox- 
cxonmefl ox snesAbi na nsBecxHOM paccxoHHHH d, h HMeex CKopocxb Vi, 
npHHeM 1 == v^. riocjie npoxo>KAeHHH nepea nepHacxp U cnyxHHK 6yAex 

HeorpaHHHeHHO yAHJiHXbcn ox SBea^bi h na ;;ocxaxoHHO 6oJibmHX paccxon- 
HHHX ox Hee («Ha 6ecKOHeHHocxH») oh onnxb 6yAex ABHxaxbCH npaKXHnecKH 
no npHMOH CO CKopocxbio V 2 (|t> 2 l ~ ^oo)* BbiHHCJiHxe yroJi k Me>K;;y bckxo- 

paMH H V 2 (xo ecxb yroJi, na Koxopbifl noBepxbiBaexcn BCKxop cKopocxH 
cnyxHHKa b pesyjibxaxe BOSAeftcxBHH 3B33Abi). rpaBHxaunoHHbm napa- 

Mexp K 3Be3Abi H3BecxeH. 

7. PaKexa aanycKaexcn no^ yrJiOM cp k BepxHKajiH na paccxoHHHH R 
ox uenxpa SeMJiH. HaH;;Hxe MHHHMaJibHyio nanaJibHyio cKopocxb v, koxo~ 

pyK) cjicAyex coo6mHXb panexe xoro, Hxo6bi ona yAajiHJiacb ox uentpa 

SeMJiH Ha ;^aHHoe paccxoHHHe d. BbiBe;^Hxe (j:opMyjibi 6oJibmoH noJiy- 
ocH H SKCueHxpHCHxexa op6HXbi paKexbi. 

8. PaKexa noJiynHJia na Bbicoxe H na;; noBepxHOcxbio SeMJiH neKoxo- 
pyio HanajibHyio CKopocxb Vq, nanpaBJieHHyio noA yrJiOM yp k ropHaoHxy. 
KaKOBa AOJi>KHa 6bixb BejiHHHna 3xoh nanajibHOH cKopocxn ajih xoro, Hxo6bi 
nepHreHHoe paccxoHHHe paKexbi 6biJio paBHo sa^aHHofl BeJiHHHHe h{h //)? 

9. CoBexcKan aBxoMaxHqecKan MeHcnJianexHan cxanunn (AMC), noc- 
jiaHHan k Benepe 12 cjieBpaJiH 1961 ro^a, cxapxoBajia c 6opxa KocMHnecKcfi 
paKexbi. B MOMenx oxACJieHHH ox panexu cKopocxb AMC npeBbiuiajia Mecx- 
HyK) napa6oJiHqecKyio cKopocxb Ha d = 661 mIc€K. KpoMe xoro, HSBecxHo, 
Hxo AMC Ha paccxoHHHH Tq = 488 900 km ox noBepxHocxH Scmjih HMejia 
CKopocxb Vq = 4,050 KM/ceK. Ha KaKofl Bbicoxe H na^ noBepxnocxbio SeMjiH 
oxACJiHJiacb AMC ox Hecmen ee KocMHnecKOH paKexbi? Kanyio cKopocxb 
HMeJia AMC b sxox mombhx? BbiHHCJiHxe A*^BHy rJiaBHon nojiyocH op6Hxbi 
AMC. BbiJia JiH op6Hxa AMC b6jih3h Sbmjih sJiJiHnxHqecKon, rHnep6ojiHqe~ 

CKOH HJiH napa6oJiHqecKOH? 

10. npH npoxoJKABHHH qepe3 neKoxopyio xonny P, oxcxonmyio ox 
3Be3Abi A Ha paccxoHHHH Tq, cnyxHHK 3Be3Abi hmcji cKopocxb Vq. Mecxnan 
napa6oJiHqecKaH CKopocxb b xonne P paBHa t>nap* BbinncjiHxe rjiaBHyio 

nojiyocb a op6HXbi cnyxHHKa. 

11. npH npoxo>KAeHHH qepea nepnacxp cnyxHHK P 3Be3Abi A hmcji 
CK opocxb Vq. MecxHan KpyroBan cKopocxb b nepnacxpe H3BecxHa. Bbi- 

HHcjiHxe SKCueHxpHCHxex op6HXbi cnyxHHKa. 

12. CnyxHHK P 3Be3Abi A npH npoxoJKACHHH nepea xoHKy Pq cboch 3 JI- 
JiHnxHHecKoH op6HXbi oxcxoHJi ox ueHxpa 3Be3Abi Ha paccxoHHHH Kq h hmcji 
CKopocxb Vq. HsBecxHo, qxo ecjiH 6hi b 3xox mombhx CKopocxb cnyxHHKa Vq 

Obijia nepneHAHKyjiHpHa k ero paAHycy-BCKXopy APqj xo op6Hxa cnyxHHKa 

HMeJia 6bl 3KCUeHXpHCHXeX Sq* ^ AeficXBHXeJIbHOCXH >Ke BCKXOp CKOpOCXH 

cnyxHHKa Vq o6pa3yex c paAHycoM-BeKxopoM cnyxHHKa yroJi a. MecxHan 
KpyroBan CKopocxb b xonne Pq H3BecxHa. HaHAUxe 3KcueHxpHCHxex 8 
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op6HTbi cnyTHHKa h ero nepHacTpajibHoe paccTOHHHe (paccTOHHHe ot 
nepHacTpa ao ueHxpa SBesjxu). 

13. KocMOJier ABH>KeTCH (c BbiKjiioMeHHbiM ABHraieJieM) b noJie thfo- 

TCHHH 3Be3AbIi4, HMCIOlueH FpaBHTaUHOHHblH na'paMeTp /c. B MOMCHT npO“ 
xoKABHHH KocMoJiexa qepe3 HeKoxopyio xoHKy C ero CKOpocxb 6biJia paBHa v 

H HanpaBJieHa noA yrJioM (p k paAHycy-BCKxopy KocMOJiexa AC. MecxHan 
KpyroBan cKopocxb b xo^Ke C paBHa KanoBa HcxHHHan anoMajiHH 0 

KocMOJiexa b momchx npoxo>KAeHHH qepea xoHKy C, ecjiH H3BecxHo, hxo 

O<0 < Jt? 

14. KocMOJiex P, coBepmaioiAHH nepejiex c op6HXbi SeiviJiH k op6Hxe 
Mapca, HaxoAHxcH Ha paccxoHHHH 150-10® km ox Cojinua (A) h npHXOM 
HacxoJibKo ABJieKo ox SeiviJiH, qxo ee bjihhhhcm mojkho npeHe6peHb. CKo¬ 
pocxb KocMOJiexa oxHocHxejibHo CoJiHua b 3xox momchx paBHa 35,0 kmIcbk 

H HanpaBJieHa noA yrjioM 60° k paAHycy-BeKxopy AP. BbiMHCJiHxe hcxhh- 
Hyio aHOMaJiHK) KOCMOJiexa npH npoxo>KAeHHH nepea xoMKy P. 


§ 10. TPETHfil 3AKOH KEnjlEPA 

1. B 3TOM naparpa(j)e dy^er hath peHb tojibko o6 sjijihhth- 

HecKOM ABH>KeHHH. llepuodoM odpaiufHUH cnyTHHKa BOKpyr 

npHTHTHBaKDiuero ucHTpa nasbiBaKDT BpcMH T Mex^Ay AByMH 

nocjicAOBaTejibHbiMH MOMCHTaMH npoxoJKACHHH cnyTHHKa ne- 
pe3 ero nepHueHTp. FlycTb r— BpeMH, npomeAmee c momeh- 
Ta /q npoxo^AEHHH cnyTHHKa nepea nepHUCHTp /7, s — njio- 
maAb, aaMCTCHHaH paAnycoM-BCKTOpoM cnyTHHKa b Tenenne 

SToro BpCMCHH. FIo BTopOMy aaKOHy Kenjiepa s —y at. 

KorAa cnyTHHK coBepiuHT oahh nojiHbiH o6opOT BOKpyr npH- 

THrHBaK)Uj,ero ucHTpa, to ot momchtb 4 ^^o npoxox^AEHHn 
nepea nepHucHTp npoHAET BpcMH T (rAe T — nepHOA o6pa- 

mcHHH cnyTHHKa), a paAnyc-BCKTop cnyTHHKa ycnecT saMccTH 
Becb 3jijiHnc H npHTOM OAHH paa. njioii;aAb 3Toro 3jiJiHnca, 
KaK HSBCCTHO, paBHa nab, cjieAOBaTCJibHo, 

nab = oT, 

j, _ 2nab __ 2nab _ 2nab 

^ y kV p YkV b'^ia 



TO eCTb 


(I) 
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Sra (})opMyjia nosBOjiHer naftTH nepHOA o6pameHHH cnyxHHKa, 
ecjiH H3BecTHa 6ojibmaH nojiyocb ero op6HTbi h rpaBHTauHOH- 
HbiH napaMeTp K. Ha (}) 0 pMyjibi (1) bhaho, hto npH HSMeneHHH 
sKCueHTpHCHTera op6HTbi hjih ee Majioft nojiyocH b hjih (})o- 

KajibHoro napaMETpa p nepHOA cnyxHHKa He HSMeHHTcn; Tojib- 
KO H3MeHeHHe 6ojibUjOH nojiyocH BjiHHer na nepHOA o6pauj,e- 
HHH cnyTHHKa (npH a^hhom K)- OopMyjiy (1) moh^ho nepe- 

HHcaTb H TaK: 



Tax KaK 3a T eAHHHU BpeMenn paAHyc-BeKTop cnyxHHKa 

saMeraeT yroji b 2n paAHan, to b cpeAHeM b TeHenne oahoh cah- 
HHUbi BpeMeHH 3T0T paAHyc-BeKTOp saMereT yroji b 2nlT paAH- 
aH. Hhcjio 



HasbiBaeTCH cpedneu yaAoeou cKopocmbfo ABHJKeHHH sjijihhth- 
HecKoro cnyTHHKa, hjih ero cpednuM deuMeuueM. Ha (1) bha¬ 
ho, HTO 



Mbi 3Aecb noKa He A^JiajiH hhkbkhx npeAnojion^eHHH otho- 
ejibHo napaMCTpa K. flonycTHM Tenepb, hto penb hact o6 


«orpaHHHeHHOH» saAane AByx Teji, to ecTb o ABH>KeHHH Majioro 
(HenpHTHrHBaKDUiero) cnyTHHKa. B TaKOM cjiynae K = fM, 
FAe M — Macca npHTHTHBaKDinero ueHTpa, h 



Ecjih Apyroft Majibift cnyTHHK o6paiAaeTCH BOKpyr Toro >Ke 



COOTBCTCTBCHHO 


npHTHTHBaKDiiiero ueHTpa h ecjiH h 

6ojibmaH nojiyocb ero op6HTbi h nepHOA ero o6paiueHHH, to 
H A-/IH Hero 



^ M. B. BajiK 
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TaK ^TO 




TaKHM o6pa30M, mh BbiBejiH TpeTHH saKOH Kenjiepa: 

K&adpcLmbi nepuodoe odpcLw^HUH deyx nenpamHeueawuyix 
cnymHUKoe odnoao a moao Me npumHaaeaww^ao i\eHmpa npo- 
nopyuoHaAbHbi Ky6aM ax cpednux paccmoHHuu om nputriHau- 
eatow^ao yenmpa. 

2. /lonycTHM, ^to ueHTpajibHoe xejio mo>kho paccMaxpH- 
BaTb KaK map pa^Hyca co c(|)epH^ecKHM pacnpeAeJieHHeM 

njioTHocTH. OepHOA Tq o6paiii,eHHH nyjieBoro cnyxHHKa SToro 

ueHTpajibHoro reJia paaen OepHOA o6paiii,eHHH 

BCHKoro ;i,pyroro (HenyjieBoro) cnyxHHKa onpe;i,eji5ieTCH no 
(|)opMyjie 



FAe a — 6ojibman nojiyocb op6HTbi 3Toro cnyxHHKa. OosTOMy 


T 


T 


a 




0 


r 


( 8 ) 


0 


TaK KaK a ^ Fq, TO T ^ Tq, TaKHM o6pa30M, nepHOA o6pa- 
meHHH jiK)6oro cnyxHHKa ixeHTpaAbnoro xejia 6ojibme nepHOAa 
o6paii],eHHH nyjieaoro cnyxHHKa. HanpHMep, nepHOA o6paiAe- 
HHH HyjieBoro cnyxHHKa Somjih paaen 84,3 muh\ cJieAOBaTeJib- 
Ho, nepHOA o6pameHHH bchkoto Apyroro cnyxHHKa Somjih 

aaseAOMo 6ojibme neM 84,3 muh . SaMexHM nonyxHO, hto ne- 

pHOA o6paii],eHHH peaAbHoro cnyxHHKa Somjih ne mohcot 6biTb 
Mename 87,7 muh — npH MenameM nepHOAe cnyTHHK npeKpa- 
maeT CBoe cyiAecTBoaaHHe y>Ke na nepaaix BHTKax. 

n p H M e p. TIjih nepBoro coaeTCKoro HC3 aaicoTa nepH- 

ren 6biJia paana H^z ~ 230 km , aaicoTa anoren Ha. ^ 950 km , 

KaKOB 6biji ero nepHOA o6pameHHH? 

0 — paAHyc 3eMJiH, to Oojiaman 

(2ro + Ha + //n). 


P e m e H H e. Ecjih r 


nojiyocb a ero opOnTbi paana a 
Ho (}) 0 pMyjie (8) 


1 

2 


T 


To{l + 


Ha + H. y/ 

2ro 
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npoH3Bo;i;H pasjioJKeHHe b 6HHOMHa;ibHbift pfl;i h OT6pacbi- 
Baa Bce ajieHbi, KpoMe nepBoro h BTOporo, noayaHM 


T 


Tofn- 


3 

4 To 


; 96,1 MUH 


Bojiee ToqHbiH no;j:c^eT noKasbmaeT, ^to norpemnocTb HaS- 

;^eHHOro sna^eHHH T ne npeBOcxo;j:HT 0,1 muh, 

Ecjih b KaKOH-TO «Ha^ajibHbm» MOMenT BpeMeHH MajibiH 

(HenpHTHFHBaiOmHH) CnyTHHK HaXOOTTCH Ha paCCTOHHHH ro 

OT ixeHTpajibHoro Tejia h HMeeT cKopocTb Vq, to 6ojibmaH nojiy- 
ocb opOHTbi onpeAejineTCH hb ({)0pMyjibi 


V. 


K 


2 




a 


rioBTOMy (cm. (7)) nepHOA o6panj,eHHH cnyxHHKa T saBHCHT 

TOJIbKO OT a6cOJIK)THOH BCJIHHHHbl CKOpOCTH, HO HC OT CC HH- 

HpaBJieHHH: eCJIH B KaKOH-TO TOHKC HpOCTpaHCTBa CTapTyCT 
MajIblH CnyTHHK C HCKOTOpOH BJIJIHHTHHeCKOH CKOpOCTbK) Vq, 
TO npH JIK)6oM HanpaBJICHHH BCKTOpa CKOpOCTH CnyTHHK BCp- 
HCTCH B TOHKy CTBpTB HCpeS OAHO H TO ^KC BpCMH (CCAH TOJIbKO 

OH no nyTH ne ctojikhctch c ucHTpajibHbiM tcjiom). 

3. PaccMOTpHM Tcnepb o6u;hh cjiynafi BaAann AByx tca 
( cAynaH npHTHTHBaioiAero cnyTHHKa). B 3tom CAynae 


K 


/ (Af + m). 


TAe M 


Macca npHTHTHBaioiAero ucHTpa, m 


(9) 

Macca cnyT¬ 


HHKa. Hb (2) H (9) cACAycT, hto 


or 


f {M + m) 

4jt^ 


( 10 ) 


JXji^ nepHOAa Apyroro cnyTHHKa Toro nee npHTHTHBaioiAcro 
UCHTpa, HMeioiAcro Maccy mi, noAynnM ypaBHCHHC 


OTciOAa 


^3 

Tl 


/ (M + mi) 

4a:^ 


1 + mIM 
T\ 1 + m-^IM 


al 


(II) 


Sra 4)opMyAa Bbipa>KaeT TaK naBbiBaeMbift «yTonHeHHbiH TpcTHH 


6 * 
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saKOH Kenjiepa», HaftAeHHbiH H. HbiOTOHOM. Ona naxoAHT, 
B ^acTHocTH, npHMeHeHHe npH «B3BemHBaHHH» (To^nee, npn 
Bbi^HCjieHHH Macc) ujiaueT h hx ecxecTBeHHbix cnyTHHKOB. 

Hs (|)opMyAbi (10) cAeAyeT, Me>KAy npoqHM, TaKoft napaAOK^ 

CaAbHblH BblBOA.* ^eM TH^KCACe CnyTHHK, ABH^KymHHCA BOKpyP 

AeHTpaAbHoro xeAa no abhhoh opOnre, tom ObicTpee oOoHAeT 

OH CBOK) OpOHTy. 

4. Bo BBeAeHHH mbi npHBeAH snaneHne yHHBepcaAbHOH 

KOHCTaHTbl THFOTeHHH / B HHTepHaAHOHaAbHOH CHCTOMe eAH- 
HHU; (oCHOBHbie eAHHHUbI AAHHbl, MaCCbl, BpeMeHH — Tax Hasbl- 

BaeMbie Aa6opaTopHbie eAHHHAbi: Merp, KHAorpaMM, ce- 
KyHAa). B 3T0M snaneHHH / — toabko neTbipe BepHbie sna- 

naiAHe ij;H(|)pbi. 

npH Bbi 6 ope TpaeKTOpHH noAOTa k ApyrHM nAaneraM h ajih 

pemeHHH mhofhx Apyrnx saAan KocMonaBTHKH Taxan toh- 
HocTb coBepmeHHo neAocTaTOHHa. Cyii;ecTByeT Apyran chcto- 
Ma ocHOBHbix eAHHHix — TaK HasbiBaeMan acTpoHOMnnecKan 

CHCTOMa eAHHHU;, B KOTOpOH yAaOTCH HaHTH KOHCTaHTy THrO- 
TeHHH CO SHaHHTCAbHO 60 AbmeH TOHHOCTBK) — C ACBATblO- 
AeCHTBK) BepHbIMH 3 HanailI,HMH U;H(|)paMH. B 3TOH CHCTCMe 3a 
CAHHHAy A«/IHHbI npHHHMaCTCH CpeAHCe paCCTOHHHe OT UCHTpa 

ScMAH AO ACHTpa CoAHAa; 3a eAHHHixy Maccbi — Macca Coah- 

Aa; 3a CAHHHAy BpCMCHH — CpeAHHe COAHCHHbie CyTKH. JXjih 
BHHHCAeHHH KOHCTaHTbl THrOTCHHA MO^KHO B0Cn0Ab30BaTbCH 

TpeTbHM aaKOHOM KenACpa. KoHCTaHTy thtotchha / b acT- 

pOHOMHHeCKOH CHCTCMC CAHHHA oObIHHO 0603HaHaK)T HCpCB 

{k — KOHCTaHTa Faycca). Ajih naxoACAOHnn KOHCTaHTbi k 
Payee BocnoAb30BaACH H3BecTHbiM eMy aHancHHCM nepnoAa 
o6paiAeHHH ScMAH BOKpyr Coahab Ts = 1 roA = 365,2563835 

CpCAHHX COAHCHHblX CyTOK H H3BeCTHbIM B CTO BpCMH BHaHC- 
HHCM A«/IH OTHOIUCHHH MBCCbl ScMAH K MaCCC CoAHAa: 


ms/me 


0,000002819. 


npHMCHHH (|)OpMyAy (10) K CHCTCMC CoAHAO 


3cmah, no- 


AyHHM 


k 


2n 

f;\ 


a 


/nc + m3 ‘ 


( 12 ) 


Ylojiaraa b 3toh (|)opMyjie a = 1, me = 1, me + m 3 = 
= 1,000002819, T 3 = 365,2563835, Payee Hameji k = 
= 0,01720209895. . (3;ieeb 9 BepHbix BHaMaiUHx u,H(J)p). OpH 
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nojiy^eHHH 6ojiee to^hlix sna^ieHHH Ts h jxjih oTHomeHHH 
ms/me MO^HO 6bijio 6bi no ^opuyJie (12) nanTH 6ojiee Tonnoe 
snanenne k- 

JXji^ npoeKTHpoBaHHH MejKnjianeTHbix nepejieTOB cymecT- 
Benno snaTb c 6ojibiiioH TonnocTbio rpaBHTaixnoHHbiH napa- 
MOTp CojiHixa Kc- 06o3HanHM snanenne Kc b acTponoMnnecKofi 
CHCTCMe eAHHHU nepes /Cc(acTp), a b JiadopaTopnon cncTeivie 

eAHHHU — nepea Kc(jia6)- OneBHAHo, qro 



(acTp) 





Ecjih a — qncjio KHjioMeTpoB, coAepHcamnxcH b oahoh acTpo- 

HOMHnecKOH eAHHHAe, to 



OieAOBaTeJibHO, ajih naxoHCAenHH c 6ojibmoH TonnocTbio 
rpaBHTauHOHHoro napaMeTpa Cojinua b Jia6opaTopHbix eAH- 
HHixax Heo6xoAHMO snaTb c dojibinoft TonnocTbio b KHjiOMeTpax 
AJiHny acTpOHOMHqecKOH eAHnnubi. 

TaK KaK npH aanycKe MescnjianeTHbix Kopadjiefl nanajib- 
HHe ABHHbie saAaiOTCH b JiadopaTOpnon cncTeMe eAHHuu; (na- 
npHMep, cKopocTb B MOMeHT oTcenKH ABHraTeJin), to HCRJimn- 
TejibHO BaHCHO snaTb c 6ojibmoH TonnocTbio acTponoMnnecKyio 
eAHHHAy B KHAOMeTpax. B Tenenne nocAeAnnx AeT 6biAH 
npeAnpHHHTbi SHeprnqnbie marn aah Tonnoro nsMepennH 
acTpOHOMnnecKOH eAHnnubi (b KHAOMOTpax). B 1961 roAy 
B CGCP, CUIA H AhEAHH 6bIAH AAH 3TOH AeAH HCnOAbSOBanbl 

pesyAbtaTbi paAHOAOKaunn Benepbi. 

Ha6AK)AeHHH n pacneTbi, BbinoAnennbie rpynnon coBeT- 

CKHx yqenbix (B. A. KoTeAbHHKOB n Ap.[2.1]), npHBOAH k cAe- 

AyKDiueMy snaqeHHK) acTponoMnnecKon eAHnnubi: 

a = (149 599 300 + 2000) km. 


Tanoe snanenne a nosBOAneT BbinncAHTb b Aa6opaTOpHbix 
eAHHHuax rpaBHTauHOHHbiH napaMeTp CoAHua c ToqnocTbK) 
AO mecTH-ceMH Bepnbix SHaqamHX UH(|)p. Ilo AannbiM KaAH- 
(t^opHHHCKoro TexHOAornnecKoro nncTHTyTa 

a - (14 959 8500 +500 )/c;h. 


86 


3AAAHA ABVX TEJl 


[m. II 


Sa^aHH 

1. Mbi mo nepHOA oGpameHHH bchkofo MaJioro («HenpHTHrH- 

BaK)mero») cnyxHHKa aBea^bi 6oJibiiie nepHo^a o6pameHHH ee HyjieBoro cnyx- 
HHKa. BepHo JiH 3T0 yTBepJKAeHHe h bchkofo npHTHPHBaiomero cnyx- 

HHKa sBea^bi? 

2. CorjiacHo coo6ii].eHHio TACC, onydJiUKOBaHHOMy 16 Man 1958 ro^a, 
nepHOA o6paii].eHHH Tpeibero coBeTCKoro HC3 15 Man 1958 ro^a cocraB- 
JiHJi 106 MUH, a HandoJibiuaH ero Bbicoia na;; noBepxHocTbio SeMJiH 1880 km. 
B cBOAKe TACC HHqero ne roBopHTCH o HaHMeHbuieH Bbicore cnyxHHKa. Bbi- 
HHCJiHie 3Ty HaHMeHbuiyK) Bbicoxy. 

3. Op6HTa KopadJiH'CnyTHHKa «Boctok-II», Ha KOTopOM coBeTCKHH 
KocMOHaBT r. C. Thtob 6—7 aBrycTa 1961 ro^a coBepiuHJi MHoroKpaTHbift 

o6jieT BOKpyr SeMJiH, hmcji Ha nepBbix BHTKax laKHC napaMeipbi: HandoJib- 

luaH BbicoTa == 244 km, HaHMenbuian Bbicoxa = 183 km. HaH^HTe 

nepHOA o6pameHHH cnyxHHKa. 

4. KocMHqecKHH Kopa6ji*> coBepmaei noJiex k nepHreio JlyHbi. FlepH- 
rcH opdHTbi KocMOJiera naxoAHTCH na Bbicoxe 230 km. HsBecTHo, qio nepH- 

reftnaH CKopocTb KocMOJiexa ^bjihctch MHHHMaJibHOH jiJi^ coBepmeHHH 

SToro noJieTa. Ckojibko BpeMCHH aafiMex noJiex ao nepHren JlyHbi? PeiuHie 
anajiorHqHyK) aaAaqy a-^h nepejieia k anoreio Jlynu. PaccTOHHHH ot uenipa 
SeMJiH AO nepHren h anoren Jlynu paBHU cooTBeTCTBenno 363 300 h 

404 000 KM. 

5. CoBeicKHH cnyTHHK «3jieKTpoH-2», aanymeHHbiH b HHBape 1964 roAa 
AJiH HccJieAOBaHHH paAHauHOHHbix hohcob SeMJiH, hmcji b AOHb aanycKa ne- 
pHreHHyio BUcoTy //„ = 460 km. HepnoA oOpameHHH cnyTHHKa cocxaBjinji 

22 Hac AO MUH. HafiAHie anoreHHyio Bucoxy cnyxHHKa u ero anorefinyK) 

CKOpOCTb v^. 

6. ByAOM a-^ 51 npocTOTU cqHTaxb, qjo Jlyna ABKHcexcH BOKpyr SeiviJiH 
no KpyroBOH opOnxe, npnqeM paccroHHHe mb^kay ueHTpAMH SeiviJiH h JlyHU 

paBHo 384 400 km. B MOMeni, KorAa Jlyna naxoAHTcn b ToqKe Lq cbobh 

opOHTbi, B AHaMexpajibHo npoTHBonoJioJKHOH ToqKe Sq stoh opOnibi kocmh- 
qecKan paKexa noJiyqaex (b rjiockocth JiynnoH op6HTbi) MecTHyio KpyroByio 
CKopocTb oTHocHTejibHo SeMJiH H HaqHHaex o6pamaTbCH BOKpyr SeMJiH 
B TOM 2Ke HanpaBJieHHH, qxo h Jlyna. VnaAeT jih axa panexa KorAa-JinOo na 
Jlyny? npHxn^KeHHeM Jlynu h CoJinua npn pemennH axon aaAaqn npene- 
6peqb. 

7. riepBan coBexcnan KocMnqecKan panexa, sanymennaH b cxopony 
Jlynu 2 HHBapH 1959 roAa, qepea necKOJibKo AHen nocJie aanycna cxajia 
cnyxHHKOM CoJiHua (HCKyccxBennoH njianexon). FlepHrejinn ee opdnxu ox- 
cxoHx ox CoJinna na paccxonnHH 146,4*10® km, a^iejinn — na paccxonnHH 
197,2-10^ KM. HaHAHxe nepnoA oOpamennH axon HCKyccxBennoH njianexu 
BOKpyr CoJiHua. 

8. AMepHKancKaH KocMHqecKan panexa «nHOHep-V», aanymennan 
B cxopony Jlynu 11 Mapxa 1960 roAa h cxaBman cnyxHHKOM CoJinua, HMeex 
nepHOA oOpamenHH BOKpyr CoJinua 312 cyxoK. PaccxonnHe nepnrejiHH pa- 
Kexu ox CoJiHua paBno 120 mjih. km. Bunncjinxe paccxoHnne a^iejinn pa- 
Kexu ox CoJiHua. 

9. MHHHMaJibHoe yAaJienne coBexcKoro cnyxnnKa «Kocmoc-II», sany- 
mennoro 6 anpejiH 1962 roAa, ox noBepxnocxn SeMJin cocxaBJinjio B axox 
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jxeuh 213 KMf a MaKCHMaJibHoe — 1560 km. FIoACHHiaHTe, KaKHM 6biJi 6 anpe- 

jiH nepHOA oOpameHHH cnyxHHKa BOKpyr SeivuiH. 

10 . KocMOJieT ABHJKeTCH BOKpyr CoJiHua no toh me opdnxe, hto h 
S eMJiH, H npHTOM HacTOJibKo ab-^gko ot SeMJiH, qro ee bjikhkhom mo>kho 
npeneOpenb. KocMOJiex noJiynnji b HanpaBJiennH CBoero ABHJKenHH AonoJi- 

HHXeJIbHblH HMnyJIbC CKOpOCTH, AOCTaTOnHblH A-^51 AOCTHJKeHHH OpOHTbl 

Mapca no TpaeKTopnn, Kacaiomencn opdnibi Mapca. Ckojibko cyroK aan- 
MCT 3T0T nepejiex? Kanyio CKopocTb oTHocHTejibHo CoJinna AOJiHcen 6biji 
HMeTb KopaOjib BMOMeHT crapTa c opdHTbi SeiviJin? Op6HTbi SeMJin n Mapca 

oTHocHTCJibHo CoJiHua CHHTaTb 0 Kpy>KH 0 CTHMH c paAHycaMH = 
= 150-10® KM H Rj^ = 228-10® KM. 

11. PeuiHTe anajiornqHyio aa^any, ecjin nepejier AOJi>KeH coBepmaibCH 
c op6HTbi SeMJiH K opOnxe Benepbi (paccTOHnne Benepbi ot CoJinua R^^ 

= 108-10® KM). 


§ 11. COJlHEHHblfl nApyc 


OoJiy^eHHbie b stoh rjiaBe pesyjibTaTbi mojkho hhofab npH- 


MeHHTb npH pemeHHH b KOTopbix y^acTByiOT ne TOJibKO 


rpaBHTaiXHOHHbiecHJibi.B Ka- 
^ecTBenpHMepa paccMOTpHM 

saAa^y o cojine^noM napyce. 

B HeKOTopbix pa6oTax 

no KocMonaBTHKe npeAJiara- 

eTCH HCnOJIbSOBaTb OTKpbl- 

TbiH n. H. Jle6eAeBbiM 3(|)- 

4)eKT CBeTOBoro AaBJieHnn 

AJin npHBeAenpin b ABHJKe- 

nne KocMnnecKoro K0pa6jin. 

fljin 3TOH UeJIH MO}KHOCHa6- 

AHTb Kopa6jib napycoM aoc- 



TaTonno 6ojibiiiOH njiomaAH 


H HcnojibsoBaTb aah abh- 
JKeHHn cnyTHHKa AaBJienne 


Phc. 2.16. 


cojinenHbix Aynen na napyc. 

PaccMOTpHM nacTHbiH CAynan, KorAa napyc nAOCKHH n 
opneHTHpyeTcn b npocxpancTBe tbk, qTo6bi on 6biA Bce BpeMH 
nepneHAHKyAHpen k AynaM, HAymnivi ot CoAHiia (pnc. 2.16). 

ByACM noAaraTb, nro paKCTHbiH ABHrareAb KocMnqecKoro kc* 
pa6AH BbiKAionen. HaftAeM TpaeKTOpnio, no KOTopoft 6yAeT 


B 3TOM CAynae ABnraTbcn KOpa6Ab *). 



3Ty aa^aqy BnepBbie (b 1924 roAy) pemnji coBCTCKHn yqenbifl 

UaHAep. 
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3AAAqA JXBVX TEJI 


[TJl, I! 


BseAeM cjie;iyK)iii.He o6o3HaqeHH5i: s — njicina^b napyca, 
r — paccTOHHPie napyca ot (uenTpa) Cojinua, Tq — cpeAnee 
paccTOHHHe OT SeMjiH AO CojiHua. Cnjia, c KOTOpon cojinenHbie 
Jiynn orrajiKUBaiOT napyc, mojkct 6biTb Bbiqncjiena no (|)0pMyjie 



TAe a — K03(|)(|)HUHeHT nponopUHonajibHocTH, KOTopbift mojkct 
6biTb nanAen 3KcnepHMeHTaAbHo. 3 tot K03(|)(|)HUHeHT nasbi- 

BaiOT KOHCTaHTOH CBCTOBoro AaBACHnn. ^Hcjio a noKasbiBaeT, 

c KaKOH CHJIOH AaBHT cojiHenHbie Jiynn na nepneHAHKyAnpnyK) 
K HHM nAomaAKy, HMeiomyio nAomaAb 1 h pacnoAOjKennyio 

b6ah 3H SeMAH. Mojkho npnnnTb, ^TO A*^n a6coAiOTHo* nepnoro 

napyca a = 4,5 *10"® h/m^. nponsBeAenne as — 3 to cyMMap- 
nan cHAa, c KOTopon coAHennbin cbct AaBHT na napyc, KorAa 
nocACAHnn naxoAHTcn b6ah3H Scmah. 

OOosnanHM nepes m Maccy KocMnnecKoro Kopa6AH (BMCCTe 
c napy com), nepes M — Maccy CoAHixa. PaccMOTpHM CAy- 
nan, KOTAa BAHnnneM Apyrnx He6ecHbix tca, KpoMe CoAHua, 
na KopaOAb mohcho npeHe6peqb (KopaOAb naxoAHTcn AaACKO 

OT HHX). 

BbiOepCM CHCTCMy OTcncTa c nanaAOM b ACHTpe CoAHua n c 

OCHMH, nOCTOHHHO OpHeHTHpOBaHHbIMH B npOCTpaHCTBC. /lH(J)(|)e- 

peHAnaAbHoe ypaBnenne ABHHceHnn KopaOAn OTHocHTCAbno 
CoAHua, oneBHAHo, TaKOBo: 



( 3 Aecb r — paAnyc-BCKTop KOpa 6 An *SP). HocAeAHee ypaBnenne 
MOJKno nepenncaTb tbk: 



TaKHM oOpasoM, Mbi npnuiAn k snanoMOMy naM ypaBnennio (8) 
H3 § 1, TOAbKo KoncTanTa K HMeeT cennac nnon (j)H3HqecKHH 
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cMbicji. Bee nojiyqeHHbie Bbime cjiejxcTBH^ h 3 ypaBHeHHH 

(2.1.8) ocTaKDTCH B CHjie H ceftqac. B qacTHocTH, KopadAb c 

coAueHHbiM napycoM, nocmoHHHO opueHmupoeaHHbiM\ nepnen- 
duKyAHpHo K coAHeHHbiM AyHUM , 6ydem deueambcn no Konune- 
cKOMy ceneHuto (no sjijinncy, napa6ojie hjih rnnepdojie) *), 
ripeAnojioJKHM HJin npocToxbi, mto KOCMnnecKHH Kopa6jib 
AO MOMeHxa pasBepTbiBaHHB napyca ABnrajicn BOKpyr CoAHixa 
no KpyroBOH op6HTe (nanpHMep, naxoAHJicn na op6HTe 3eM- 
jin). Ero CKOpocTb Vq onpeAejinexcn no (|)opMyjie 



riycTb B KaKOH-To MOMeHT Kopa6jib pasBepHyji cojinenHbiH 
napyc njiomaAn 5. TorAa on nanaji ABHrarbcn no KOHnnecKOMy 


ceneHHK), y Koxoporo rjiannan nojiyocb a onpeAejinxcn hb 


4 )opMyjibi 



TO eCTb 

1 2 vl 

a Tq fM — ar^slm' 



06o3HaMHM Mepea Sj to SHatieHHe BejiuMHHbi s, ajih KOTopo- 
ro npasaH MacTb ^opMyjibi (5) oSpamaeTCH b nyjib. OpH 

0 ^ s Sj > 0, T. e. a > 0, a sto SHa^HT, mto Kopa6jib 

CL 

ABHjKexcn BOKpyr Cojinua no neKOTopoMy ojijinncy. 3 tot sji - 
jinnc 6yAeT tcm 6oAee BbiTnnyrbiM, qeM 6oAbme njiomaAb na¬ 
pyca. Ho c TenenneM BpeMenn stot ojijinnc ne 6yAeT Ae(|)opMH- 
poBaTbcn, ne 6yAeT pacTnrnBaTbcn (necMorpn na nocTOHnnoe, 
HenpepbiBHoe ABB^ienne coAHennbix Jiynen na napyc!), n ko- 
pa6jib nepes onpeAeAennwe (oAnnaKOBbie) npoMejKyxKn Bpe- 
Menn 6yAeT npnxoAHXb k toh Tonxe CBoen nepBonanaAbHon 
KpyroBOH op6HTbi, FAC 6biA pasBepnyT napyc. Ecah s = 
HAH s ^ s^, TO KOpa6Ab 6yAeT neorpaHnnenno yAaAHTbcn 
OT CoAHua (cooTBeTCTBenno no napa6oAe hah rHnep6oAe). 
riycTb s Bbidpano nacTOAbKO doAbuiHM, qTo6bi /( = 0, to 


*) npH 3T0M cJieAyer cqHTaxb eeJiHMHHy /( noJiojKHxejibHOH, to eexb 
naoiAa^b napyca s ne onenb doJibuion. 
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[rji. II 


ecTb 



fMm 

ar\ 


. ToFAa cojiHe^Hoe j^aBJieHHe na napyc 


KOMneHCHpyeT CHjiy TnroTeHHH Kopa 6 jiH k CojiHixy, h ko- 
pa 6 jib 6 yAeT ABHraxbCH pasHOMepHo h npHMOJiHHeHHo. Ecjih see 
njiomaAb napyca 6 yAeT 6 ojibme, ^eM Sg, to CHjia, c KOTopofl 


cojine^iHoe Hajiy^enne OTTajiKHsaeT napyc, 6 yAeT 6 ojibme 

CHjibi, c KOTOpoH cojinennan Macca npnTHrHBaeT Kopa 6 jib. 

Kopa6jib 6 yAeT neorpaHnnenno y^ajinTbcn ot Cojinua no ne- 


KOTopoH TpaeKTOpHH, o 6 paiii,eHHOH CBoen BbinyKJiocTbio k 
C ojiHixy (mojkho noKaaaTb, nro 3 to 6 yAeT rHnep 6 ojia). 


Sa^aHH 


1. KocMOJieT c MaccoH b 1000 K 2 j^Bumerc^ BOKpyr CoJiHua no toh >Ke 

op6HTe, nro h SeMJin (ary opOniy Oy^eivi cnniaTb oKpyjKHOCTbio), h npHTOM 
HacTOJibKO OT SeMJiH, qio ee npHTH>KeHHeM mojkho npenedpenb. 

C noMOiubK) njiocKoro coJinenHoro napyca oh jxoJimeu conepiuHTb nepejiex 
K opOnxe Mapea no TpaeKTOpnn, Kacaiomeflcn op6HT SeMJin n Mapea (op- 
6HTy Mapea cqnraeM 0 Kpy>KH 0 CTbK), npHTOM Jie>KameH b o^hoh bjiockocth 
c opOHTOH SeMJin). MarepnaJi, na KOTOporo naroTOBJicH napyc, TaKOB, hto 
K ycoK napyca nJicma^bio b 1 HMeex Maccy 2 a. Bo BpeMH noJiexa npe^no- 

jiaracTCH nocTOHHHo opneHTHpoBaib napyc nepnenjIHKyjiHpHo k coJineqHbiM 
jiyqaM. XlaBjicHne coJinennoro CBCxa na laKOH napyc, ecJiH 6bi oh naxo^HJicn 
b6jih3H Scmjih, cocTaBJiHJio 6hi npHMCpHO 4,5* 10“® KaKyK) nJiomaAb 
AOJiJKCH HMCTb napyc? KaKOBa ero Macca? 

2. KocMHnecKHH annapar jibh^cctch BOKpyr CoJiHiia noA AeHCTBHCM 
CBCTOBoro AaBJicHHH H cHjibi npHTHH^cHHH CoJiHua. Eto coJiHCHHUH napyc 
HMceT TaKyK) doJibuiyio nJiom.aAb, hto nocTOHHHan K b AH^^^epeniiHajibHOM 


ypaBHCHKH ABHJKCHHH 



OTpHuaTCJibHa. HaHAHTC ypaBHCHHc opdHTbi annapaxa h BbincHHie xapaK 
xep ero ABH>KeHHH. 


§ 12. nPHMEHEHHE KOMnJlEKCHblX OEPEMEHHblX 

B SAflAHE flBYX TEJl *) 

1 . JXji^ BbiBOAa saKOHOB Kenjiepa, ypaBnennH op 6 HTbi cnyT- 
HHKa H neKOTopbix Apyrnx (|)opMyji sa^ann AByx xeji mojkho 
BO cnojibsoBaTbCH annapaTOM KOMnjieKCHbix nepeMennbix. OycTb 
MaTepnajibnan Tonna (P, m) (nenpHTnrnBaiomHH cnyrnnK) abh- 
^CTcn noA BAHHnneM TnroTennn k npHTnrnBaioiAeMy uenTpy 


*) 3tot naparpa^) mohcho npH nepBOM qxeHHH onycTHTb, 


nPHMEHEHHE KOMFUlEKCHblX FIEPEMEHHblX 
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§ 12 ] 


(i4, M). Bbi6epeM b njiocKocTH ABHJKeHHH np^Moyrojibnyio 

CHCTeMy KOopAHHar Axy (pHC. 2.17). HH(}xJ)epeHu;HajibHbie 

ypaBHeHHH ABHJKeHHH cnyT- 

HHKa HMeiOT BHA 


X 


K 


X 




y 


r 


( 1 ) 



Phc. 2.17. 


BBeAeM cnyTHHKa P BMe- 
CTO AByx BemecTBeHHbix ko- 
opAHHaT X, y oAHy KOMnjiex- 

cHyK) KoopAHHary w ~ x A- iy. Topab ABa ypaBHeHHH (1) 

oSBeAHHHKDTCH B OAHO! 


w 


K 


w 


* 


( 2 ) 


PAe r 




a :2 + y^. 


2. HHTerpaji njiomaAeH. yMHO}KaH (2) na 


w {w 


X 


iy), HOAyHHM 


xjm 


K 


ww, 


HJIH 


WW 


K 

r 


npHSaBHM K o6eHM HacTHM SToro paBeHCTBa ms): 


• • 


xm) 


K 

r 


+ xm), 


HJIH 



Ho HpaBan nacTb — 

MHHMan HacTb 


BcerAa BeuiecTBennoe hhcao. HosTOMy 




92 


'SAJXAHA ABVX TEJI 


[rji. II 


TO eCTb *) 

oTKy^a 




r^e o — HeKOTOpan BemecTBeHnaH KOHciaHTa. SaBHCHMOCTb 

( 3 ) uemjiy KOMnjieKCHoft KOopAHHaToft cnyiHHKa w h ero cko- 
pocTbK) w HasbiBaioT unmeapaAOM riAotnadeu {e KOMtiAeKcnou 
(popMe). BemecTBeHHoe ^hcjio g nasbiBaioT KOHcmanmou jiao- 

madeH, Tax KaK w = x + iy, w = x + iy, w = x — iy, to 

( 3 ) MOJKHO aanHcaTb Tax: 

Im l{x — iy) {x + iy)] = cr. 

OTCKDAa nojiy^aeM deKapmoey (popmy unmeepaAa riAowfldeii 



*) JlerKO npoBepHTb, ^ito onepaunn AH^J^^epenuHpoBaHHH no BemecT- 
BCHHOMy nepeMeHHOMy {t) nepecTanoBonna c onepaunen bshthh mhhmoh 

(hjih BemecTBeHHOH) nacTH n c onepaunen nepexo^a k conpaiKeHHbiM nepe- 

MeHHblM. 

**) BocnoJibsoBaBuiHCb (})opMyjioH Snjiepa (cm. §8), jiiodoe KOMnJieKC- 
Hoe nncjio w, npe;;CTaBJieHHoe b TpHroHOMerpHqecKOH (})opMe: 

w = p (cosq) + t sin (p), 

MOiKHo sanHcaTb b Tax nasbiBaeMOH noKaaaiejibHOH (})0pMe: 

w = pe^^. 


nPHMEHEHHE KOMHJIE KCH bIX HEPEMEHHblX 
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JlBUTKeum cnyTHHKa npHMoe (no onpeAejienHio), ecjin a > 0 , 

_ # 

H o 6 paTHoe, ecjin a 0 . Opn a = 0 HMeeM 0 = 0 , 0 = const, 

a 3T0 SHannT, nro cnyTHHK abh^kctch no Jiyny, ncxoAnmcMy h3 

npHTnrHBaK)ui.ero uenTpa. Hjin onpeAejiennocTH scio^y b abjib- 

# 

neftmeM orpannnnMCH cjiynacM a ^ 0 . Tor^a 0 > 0 , 0 moho- 

TOHHO BoapacTaeT, pa^nyc-BeKTop cnyrnnKa Bpamaercn BOKpyr 
npHTHrHBaiomero uenTpa npoTHB nacoBoft CTpejiKH. OopMy- 

Jiy (5) aannmeM Tax: 

w = + r0 (. (7) 


^HCJio H3o6pa}KaeT opT paunyca-BexTOpa cnyrnnKa; BexTOp 

— TOJKe euHHHUHHH, on nojiynaercn h3 bck- 
Topa noBOpOTOM na +90®. B KajKUbin uannwH momcht Bpe- 
Menn BexTop onpeuejineT neKOTOpyio ocb, npoxo^nmyio 
nepea cnyrnnK, a HMenno ly ocb, na Koropon nemm stot 
BeKTOp H KOTopan ounnaKOBO nanpaBjiena c hhm. Mh ee na- 
30BeM paduaAhHOU ocbio. C lenenneM BpeMenn paunajibnan 
ocb noBopanHBaeTcn Bonpyr nanajia KOOpunnaT. BeKTOp 
TOHce onpeuejineT b KajKUbin momcht BpeMenn nenoTOpyio ocb, 
npoxoAnmyio nepea cnyrnnK,— ly, na KOTOpon jiejKHT stot 
BeKTop H KOTOpan OAnnaKOBO nanpaBJiena c nnM. Siy ocb 

naaoBeM mpanceepcaAbHoU ocbio. Bejinnnny Vr npoeKunn Ben- 

Topa CKopocTH cnyTBHKa w na paunajibnyK) ocb naabinaiOT 

B Mexannne paunajibnon KOMnonenron cKOpocTH, a Bejinnn- 

# 

ny Vn npoeKUHH BeKTOpa w na Tpancnepcajibnyio ocb — Tpanc- 
BepcajibnoH (hjih nonepennon) KOMnonenion CKOpocTH. Ha 

(bopMyjibi (7) BHuno, hto 

Vr = r,Vn= rL (8) 

HosTOMy nnTerpaji njiomauen npHo6peTaeT bha 


HJIH 


rVn = CT, 

r c; sin (p = a, 



^ • 

rue (f — yroji Men^uy BexTopaMH AP h w. 

3. Hnierpaji aneprHH. Ha UB^^epenuHajibnoro 

ypaBHeHHH (2) 
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3AAAHA ASyX TEJI 


[FJI. II 


(s^ecb r 


w\) cjie^yeT, ^TO 


ww 


K 


ww 


r 


3 


3to paBeHCTBO ocTaeTCH b CHJie, ecjiH b hcm Bce BejiPmuHbi 




SaMeHHTb HM COnpHJKeHHbIMH, Tax HTO ww 


K 


zm 


r 


3 


Cjie- 


AOBarejibHO, 




ww 


ww 


^ {ww + WW)y 


HJIH 


d 


dt 


{ww) 


K d 


dt 


{w-w) 


Ho 


xsuw 


w 


HosTOMy 

d 


2 




ry WW 


w 


2 




{v^) 


dt 


K d 


r® dt 


ir^) 


2K ^ 

dt 


d 


2K 


r 


2 


dt 


r 


OrcioAa 


V 


2 


2K 


r 


+ hy 


( 11 ) 


rAe 


h 


BemecTBeHHaH KoncTaHTa (KoncTaHTa aneprHH). 


4. HHTerpaji Jlanjiaca. Ha nojiyqeHHbix panee 


4)opMyji 


cjieAyeT, 


HJIH 



# # 

W 

— Kw/r^ H 

a - r^e 

HTO 





- 

• • 

— iaw = 

.Kw 

r 

(r^e) 

= /Ce‘8 0, 


, A ( _ 

dt ^ 

• 

- iaw) 

d 

” dt 

{Ke‘0), 


oTKyAa 


tow 




A, 


( 12 ) 


r;ieA 


HeKOTOpaa KOMnaeKCHaa KOHCxaHTa (KOHcraHTa Jla- 


njiaca); cooTBexcTBvromHH eft BeKxop nasbiBarox BeKxopoM 



§ 12 ] 
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JIanjiaca. OopMyjia (12) HasbmaeTCH «HHTerpajiOM Jlanjiaca 

B KOMOJieKCHOH 4)OpMe». 

5. ypaBHeHHe op6HTbi cnyTHHKa. Bex- 
TOp Jlanjiaca mojkho sanHcaTb b noKaaaTejibHoft (})opMe: 

A = 


rae X 


|A| 



0, a 0 


0 


yroji HaKjiOHa BexTopa A k BemecT- 


BeHHOH OCH. 


HHTerpaji Jlanjiaca ocTaeTcn cnpaBCAJinBbiM npn aw 6 om 
Bbi6ope HanpaBJieHHH BemecTBennoft och. Bbi6epeM 3to na- 
npaBJienne laKHM o6pa30M, qTo6bi oho coBnajio c nanpaBJicnneM 
BCKTOpa Jlanjiaca A. TorAa 0o = O, n nnierpaji Jlanjiaca npn- 

HHMaeT bh;; 


iow 






(13) 


Hs (5) H (6) cjie^yeT, hto 



IloACTaBHB 3TO 3HaneHHe w b (13), naftAeM 


io I r + i 


a 


r 


e 


iQ 




K 


HJIH 


iar + 


0 


2 


r 


K 


ke-^^ 


(14) 


npHpaBHHBaa BemecTBeHHue wacTH o6eHX qacTefl paBen- 

CTBa (14), nojivMHM: 


a 


r 


K 


X cos 0, 


(15) 


OTKy;ia npn a ^ 0 


r 




1 + cos 0 

A 


(16) 


Hcnojibaya oSosHaaeHHH 


p = a^/K, e = X/K, 


(17) 
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3AAAHA ABVX TEJI 


[TJl. II 


npHEe^eM ypasHeHHe (16) k bhay 


r 


P 


1 ~[~ 6 COS 0 


(18) 


A 3T0 H ecTb ypaBHCHHe ajiJiHnca, rHnep6ojibi hjih napa6ojibi 

(b nojiapHbix KOopAHHaxax). 

6. CBH3b Me»Ay KOHCTaHXaMH K, o, h. 

JloKaHceM (j)opMy;iy 


^ = VK^ + ha^. (19) 

06o3HaqHM ^epe3 Rea AeflcTBHTejibHyio qacTb komojickchofo 
'iHCjia a. BocnojibayeMCH tbkhm jierKO npOBepneMbiM totk- 

AecTBOM, cnpaeeAJiHBbiM ;;jih jiio6bix KOMOJieKCHbix qnceji: 


Zi + Z 


2 


2 


Zj P + I 2 


2 


2 


+ 2Re 


( 20 ) 


Hs (13) cjieAyeT, qro 




iaw + 12 = a 2 y 2 + /(2 + 2Re {iawKe-^^) 


a2y2 + /(2 I 2Re 


ioK 




. o 
r 


7(2 + a2y2 


2 


o^K 


r 


Ho V 


2 


2Klr 


h, HosTOMy ^2 = /(2 + a2A. Hs (17) h (19) 


cjieAyeT, qro 


e 



\ h 


a 


2 


K 




( 21 ) 


7. CxopocTb cnyTHHKa *h 


e e 


K 0 M n 0 - 


H e H T bi. Ha HHTerpajia Jlanjiaca (13) nojiyqaeM (npH (y=f=0) 

4)opMyjiy AJiH BeKTOpa CKopocTH 


w 


I 


a 


{X + Ke% 


( 22 ) 


Tax KaK X = Ke, TO 


w 


t (e + e'S), 



( 23 ) 
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Hcnojibsya xoacAecTBO (20), nojivHHM 


V 


K 

a 


(1 + 6^+ 2e cos 0) 


(24) 


TaK KaK a 

= + VWp 


Kp, TO (/C/o) 


K/p- OpH o > 0 K/<y 


. Ha (23) H (24) c^ieflyex, hxo 


w 


K 


P 


(8 + e‘0), 


(25) 


V 


K 

P 


l/"l + + 28 cos 0 


(26) 


Ha (7) H (8) BHAHO, 9T0 CKOpOCTb COyXHHKa W MOH<eX 6bIXb 

BbipaHcena wepea ee pa^HajibHyio h xpaHCBepcajibHyro kom- 

nOHCHTbl Vr H Vn 00 AopMyjIC 


w 


Vre‘^ + Vnie‘^. 


(27) 


CpaBHHBaH ABC (jjOpMyjIbl AJIH CKOpOCXH COyXHHKa (25) H (27), 

nojiyoHM: 


(Vr + iVn) e 


iB 


K 

p 


(e + e‘9), 


Vr + iVn 


K 

p 


(ee 


-iB 


+ 1) 


I 


K 

P 


[ 1 + e cos 0 


ie sin 0], 


OxcK)Aa 


Vr 


K 

P 


esin0, Vn 


K 


P 


(1 + 8 COS 0). 


(28) 


8. FoAorpad) CKopocxn 


OopMyjiy (25) mo» 


HO nepenHcaxb xan: 


w 


u i/ 


K 

P 






P 


(29) 


OTCiOAa BHAHO, ^TO TO^Ka w BcerAa jie^HT na 0Kpy>KH0- 


CTH y (pHC.2.18) 


ueHTpoM ie 


H paAHVCOM 


M. B. BajiK 
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3AAAMA ABVX TEJI 


frji. II 


XteftCTBHTeJIbHO, 



HaHA^M CKOpOCTb W CnyTHHKa B TOT MOMeHT, KOFA^ ero 

HCTHHHaH aHOMaAHH paBHa 0. OopMyAa (29) noKasbmaeT, 

KaKHM o6pa30M nOJiynUTb BOKTOp CKOpOCTH W. STOFO CAO- 

AyoT (puc. 2.18) npoBecTH ^epea ueiiTp ieJ^K^/p OKpyHCHOCTu y 



Phc. 2 . 18 . Phc. 2 . 19 . 


paAHyc, o6pa3yK)mHH yroA 0 + jt/2 c BemecTBennoH ocbio Ox. 

BeKTop, HAyfilHH H3 HanaAa KoopAHHaT 0 b KOHeu; SToro pa- 
AHyca, H eCTb HCKOMHH BOKTOp CKOpOCTH. Ha pHC. 2.18— 

2.21 H3o6pa^eHbi roAorpa4)bi CKopocTH w aah Tex CAyqaeB, 
KOTAa op6HTa — sjiJiunc (pHC. 2.18), oKpy^HocTb (pHC. 2.19), 
napa6oAa (pnc. 2.20), rHnepOoAa (pnc. 2.21). 

9. CoAHeHHbiH napyc. HycTb KOCMHqecKHH ko- 
pa6Ab P Maccbi m abhjkctcb boa AeftcTBHeM AByx cha: npHTH- 

THBaiOLUeft CHAbI MaCCbl M CoAHUa H OTTaAKHBaiOIHeH CHAbI 

coAHeBHbix Ayneft, AaBHiuHx Ha napyc Kopa6AH. ByACM noAa- 
raTb, HTO napyc nAocKnft, ero nAoiuaAb paBna s h HopMaAb 
K nAOCKOCTH napyca b Tenenne Bcero ABH^KennH aojkht b oa- 

HOH H TOH >Ke HAOCKOCTH, npOXOAHIIJ,eft qepe3 BeKTOpbl AP 
{A — COAHUe, P — KOpaOAb) n BeXTOp CKOpOCTH KOpa6AH V* 



nPHMEHEHHE KOMHJIEKCHblX HEPEMEHHblX 
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§ 12] 


Bbi6epeM na njiocKOCTH np^Moyrojibnyio CHcreMy KOop^HHaT 

(pHC. 2.17) H cocTaBHM AHc^epeHUHajibHoe ypasHeHHe abhjkc- 

HHH KOCMOJieTa. CHJia npHTH>KeHHH KOCMOJieTa K CojIHUy 

pasHa 


Fi 



Mm 


r 


2 


e 


/0 


(31) 


we 0 


yroji Me^Ay BemecTBenHoft ocbio Ox h paAHycoM- 


BeKTOpOM KOCMOJieTa AP, ^epea q) o6o3Ha^HM yroji Me^cAy 




Phc. 2.20 


Phc. 2.21. 


paAHyCOM-BCKTOpOM KOCMOJieTa AP H HOpMajIbK) K nAOCKOCTH 

napyca, a qepes a — nocTOHHHyio cojine^Horo ABBjieHHH (ch- 
Jiy, c KOTopoH cojiHe^Hue jiy^H abbht na njioiuaAKy b 1 

KorAa nocjieAHHH naxoAHTCH b6jih3h Scmjih). TorAa CHJia, 
c KOTopoH cojine^Hbie jiy^H abbht na KOCMOJieT, paana no 

BejinqnHe 


2 


aroS 2 
- COS^ (p 


r 




H HanpaBjiena noA yrjiOM tp k paAnycy-aeKTOpy to eCTb 
noA yrjioM 0 + q) k BeiAecTBennoft ocn, tbk qTO CHJia, 
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3AAAHA ABVX TEJl 


Crji. II 


C KOTOpOH COJIHe^Hbie Jiy^H OTTajIKHBaiOT KOCMOJieT, pasHa 

0 

rio BTOpOMy saKOHy HbioioHa 

mw = Fi-\- Fz — —/ cos® <p, 

OTKyAa 

•• CLf^ ^ 

w = — fM -^ cos^ (p . (33) 

m \ r 

BeeAeM o6o3Ha^eHHe 

/<• = /Af _ cos®(p e'>. (34) 

m 

TaK KaK w = re'®, to ypaBHCHHe (33) npHHHMaer bha 

w = -K-^. (35) 

3to h ecTb AH(J)4)epeHi];HajibHoe ypaBHeHHe njiocKoro ABHxce- 
HHH KOCMOJieTa c cojiHe^HbiM napycoM. 3Aecb K — KOMnjieKC- 

Han ^^yHKUHH OT BpeMCHH. BHeuiHe 3T0 ypaBHeHHe ne otjih- 

HaeTCH OT ypaBHeHHH ABHXceHHH cnyTHHKa b aaAane AByx reji. 
npH q) = 0 H q) = Jt/2 K — BemecTBeHHaH KOHCiaHTa, h ypaB¬ 
HeHHe (35) HHTerpHpyeTCH tbk xce, kbk ypaBHenne aaAann 

AByx Teji (2). Ecjih q) = const n/2 h q) = 5 ^ 0 (napyc coxpa- 

HHeT opHeHTauHK) OTHocHTejibHO paAHyca-BeKTopa KocMojie- 

Ta), TO — KOHCTaHTa, H npHTOM MHHMaH. 

K cojKajieHHK), npn HHTerpnpoBaHHH AH(J)4)epeHUHajibHoro 
ypaBHeHHH aaAann AByx Teji Mbi cymecTBenno onnpaeMCH na 
TO, HTo napaMeTp K — BemecTBennoe hhcjio. FIosTOMy hh 
HHT erpaji njioiAaAeft, hh HHTerpaji aneprHH, hh HHTerpaji Jla- 

HJiaca HeocTaioTCH b CHJie a^h ypaBHeHHH (35) npn mhhmom/C. 
OAHaKO H npn mhhmom K mohcho c noMombio ypaBHeHHH 

(34), (35) HaHTH qacTHbie KJiaccbi B03M0>KHbix TpaeKTopnft 
KOCMHHecKoro annapaTa c cojineHHbiM napycoM. 
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§ 12 ] 


Sa^aHH 


1. JIorapH(})MHqecKaH cnnpajib xapaKTepHayeicn b noJinpubix Koop- 


;;HHaTax ypaBneHHeM BH;;a 


r 


r^e 


c0 


S^ecb 0 — noJiHpHbiH yroJi, r — j^Jiuna pa^Hyca-BeKTopa, c — TanreHC 
yrJia MejK^y pa^HycoM-BeKTopoM tohkh cnHpaJiH h KacaTejibHofl k cnHpajiH. 
noKa>KHTe, HTo KopadJib c coJine^HbiM napycoM, coxpaHHiomHM opHeHTa- 
HHK) oTHocHTeJibHo pa;;Hyca-BeKTopa KopadJiH, mo^kct ;;BHraTbCH no Jiora- 
pH(})MHnecKOH cnnpaJiH. 

2. KocMOJiei c MaccoH 1000 K2 npHKpenJien k nJiocKOMy coJinennoMy 

napycy c MaccoH 300 K2. KoHCianTa a coJinennoro ;;jih SToro 

napyca cociaBJineT 9* 10'®^/^^, njioTHocTb napycnoro Maiepnajia — 2 2/m^, 
riapyc nocTOHHHo opneHTHpoBan b npocxpancTBe Tax, mo ero nopiviajib o6- 
paayeT yrojicp = 10"^ c pa;;HycoM-BeKTOpOM «CoJiHue — kocmojicd). Kocmo- 
jieT j^oJiyuen coBepuiHib nepejiex c opdnxbi Seivuin k opdnre Mapca. B xa- 
qecTBe TpaexTopHH noJieia Bbidpana JiorapH(})MHqecxaH cnnpajib. Onpe- 
;^eJlHTe BejinnnHy h HanpaBjienHe nanajibHOH cxopocrn xocMOJiexa npn 
oTJiexe c opdHTH Seivuin? CxoJibxo Bpewenn saHMex nepejier? TnroTeHHeM 
X SeMJie H Mapcy npenedpenb. 

3. KaxHM odpaaoM mohcho 6biJio 6bi Bbidpaxb yroJi cp opnenTauHn na¬ 
pyca, 0 xoTopOM roBopHTCH B npeAbiAyn;eH aa^ane, Toro mo6bi nepejiex 
6biJi coBepmen no JiorapH(})MHnecxoH cnnpajiH aa xpaTnanmee BpeMn? 

4. PeiuHTe aa^any 2 b npe^noJioJKeHHH, mo nepejiex aojihcch 6biTb co- 
Bepmen x opdnxe Benepbi. 



rjIABA III 


nPOflOJDKHTEJIbHOCTb nEPEJIETA CnVTHHKA 


MEJKfly ABVMJI TOHKAMH OPBHTbl 


§ 1 . nOJlET OT nEPHU,EHTPA 


1. B npeAbiAymeft rjiase 6biJio noKasano, ^ito ABHMceHHe 

cnyTHHKa BOKpyr CBoero npHTarHsaiomero ueHTpa A npoHc- 
xoAHT Bce BpeMH B HeKOTOpoH njiocKOCTH, npoxoABmeft aepes 

ToaKy A. 

B SToft njiocKOCTH Mbi Bbi 6 pajiH nojiHpHyio cHcreMy Koop- 

AHHaT c HaaajiOM b npHTarHBaiomeM ueHTpe A h c nojiapHoft 
ocbio All, HanpaBJieHHoft b nepHueHTp op6HTbi 77 (pnc. 2.8). 
B KaacAbiH MOMCHT BpeMCHH nojio»:eHHe cnyTHHKa xapaK- 


U 


xepHayeTCH AByMH ero nojiapHUMH KOopAHHajaMH: hcthhhoh 

aHOMajiHCH 0 H AJiHHOH T paAKyca-BCKTOpa AP. Mbi y»:e bh- 

AeJiH, HTO ypaBHCHHe op6HTbi cnyTHHKa hmcct bha 


r 


P 


1 + e cos 0 ’ 


( 1 ) 


P 


(J)OKajibHbiH napaMCTp op6MTbi 


SKCUeHTpHCH 




Tex. By;;eM b j^ajibHefimeM cqHxaxb HSBecxHbiMH napaMexpbi 

p, 8 op6HTbi cnyTHHKa H rpaBHxauHOHHbiH napaMexp K npHxn- 
rHBaK)nj,ero uenxpa. TaKHM o6pa30M, Mbi mohccm CHHxafb h 3- 
BecxHOH op6HTy cnyxHHKa. 4xo6bi onpe;;ejiHTb nojiGHcenne P 
cnyxHHKa Ha op6Hxe, ;;ocTaxoHHO HafixH HCXHHHyio anoMajiHio 0 

9TOH xohkh; paccTOHHHC AP = r ynce jiexKO BbiHHCjiHTb no 
(})0pMyjie (1). 

06o3HaHHM nepea 4 momcht npoxoHCj^eHHH cnyTHHKa nepea 
nepHUCHTp op6HTbi 77, a nepea t — momcht ero npoxoHc;;eHHH 
nepea xonxy P. npo;;ojiHvHxejibHocxb nepejiexa cnyxHHKa ox 

nepHueHTpa 77 ;;o xohkh P o6o3HaHHM nepea t: 


t 


t 




Hac 6y;;yx HHxepecoBaTb ;;Be 3a;iaHH. 


( 2 ) 
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3 a ;; a q a 1 . CKOJibKO BpeMeHH noTpe 6 yeTCH cnyraHKy 

[ nepejiexa no nsBecTHon op 6 HTe ot nepHuenipa 77 ao sa- 

P Op 6 HTbI? 

asoM, AaHbi BejinnHHbi 7 C, e, p, 0 (ncTHnnan 

:h P)\ Tpe 6 yeTCH naHTH t. 

2. B KaKOH TonKe 


AaHHOH 


TaKHM o6p 


anoMajinn 

3 a ii < 


P CBOeft Op6HTbI 


cnyTHHK nepes t eAHHHU BpeMenn nocjie npoxo>KAeHHH nepea 
CBOH nepHueHTp? 

8 , p, T. HmeTcn 0 . 


TaKHM o6pa30M, A^Hbl BeJIHHHHbl K 


(np 


2 . HcKOMyiO SaBHCHMOCTb 


y BejIHHHHaMH T H 0 


AaHHbix K 


MO>KHO HaHTH H 3 ypaBHeHHH Op 6 HTbI 


cnyTHHKa 


H 


HHTerpajia njioiua 


o 



OrciOAa 

^2 

dt = — dQ. 

G 


HHTerpHpyn sto paBeHCTBO 
noAyHHM: 

0 2 

X = t — tQ = [ — dQ 

0 


no 0 B npeAeJiax ot 0 ao 0 , 

= ^C_ ^ _. ( 3 ) 

a j (1 + e cos 0 )^ 

0 


HnierpaA b npaBofi nacra — neKOTopan 4 )yHKUHH ot 0 . Ona 
MO>KeT 6 biTb Bbipa>KeHa nepea 0 nocpeACTBOM sjieMenTapnbix 

4 )yHKUHH. OAHaKO OKonnaTeAbHbiH bha stoto HHTerpaAa ^j^act 
paanbiM b Tpex CAynanx: 8 <^ 1 , 8 = 1 h 8 > 1 . PaccMOTpHM 
cnanaAa CAynafi 8 — 1 (noAOT no napadoAunecKOu op 6 HTe): 



3 HaH HCTHHHyio anoMaAHio 0 KaKOH-AH 6 o TOHKH P napa- 

60 AHqeCK 0 H Op 6 HTbI, MO>KHO no 3 T 0 H 4 )OPMyAe BbIHHCAHTb, 

CKOAbKo BpeMeHH (t) noTpe 6 yeTCH cnyTHHxy a.^^ noAeTa ot 
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nepHueHTpa ;io stoh to^kh. SaMeiHM, qio h, Hao6opoT, jXJin 
Kaxcjioro MOMEHTa t Momm c noMOLUbio ypasHeHHH (4) EiafiTH 
cooTseTCTByioiiiee SHaqeHHe hcthhhoh aHOMajiHH 0 tohkh P, 

B KOTOpOH 6yAeT HaXO;iHTbCH B 3TOT MOMeHT COyTHHK, ecjiH 

OH Haxo;iHjiCH B nepHueHTpe b momcht JXjih stoh uejiH, 
KaK BHOTO H3 4)0pMyjibi (4), cjicjiyeT CHanajia peuiHTb Ky6H- 

HecKoe ypaBHenne OTHOCHiejibHO tg —. 

_ ^ 

riojibsyHCb ypaBHCHHeM napa6ojiHHecKOH op6HTbi, mohc- 
Ho BpeMH nepejieia no ;iyre UP BbipasHTb TaK>Ke nepes pac- 

CTOHHHH cnyTHHKa OT npHTHPiiBaioLuero ueHTpa b nanajie 
H KOHue nepejieTa. fleficTBHTejibHO, b cjiynae napa6ojibi 



P 

1 + cos 0 




OTCK);ia 




riosTOMy 


TO eCTb 




npH nOMOE;H 3T0H (})OpMy;ibI M0»:H0 OnpeAejIHTb, CKOJIbKO Bpe- 

MeHH saHHMaeT nepejicT cnyiHHKa no napa6ojiHnecKOH op6HTe 


U 


OT nepHUCHTpa jxo tohkh, OTCTonmcH Ha paccTOHHHH r ot 
npHTHTHBaiouiero ucHTpa. 

3. B cjiynae dAAunmuHecKou opdanwi MaAoeo 9Kci{eHmpucu- 
mema mohcho h3 4 )opMyjibi ( 3 ) nojiyqnTb ;iocTaTOHHo y;io 6 HyKi 


u 


AJIH HpaKTHHeCKHX UCJICH 3aBHCHMOCTb MCHCjiy npOAOJIHCHTCJIb- 

HOCTbio nepejiCTa (ot nepHUCHTpa ao KaKOH-JiH6o tohkh P 

Op6HTbl) H nOJIHpHbIMH KOOpAHHaTaMH 3T0H TOHKH. 


Bocnojib3yeMCH tohcacctbom 


1 


I + q 


1 


9 + <? 


2 


cfi + 





nOJIET OT HEPHUEHTPA 
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npo;iH(})4)epeHUHpOBaB ero noqjienHo, uakjxeu 


1 


(1 + q) 


2 


1 


2q + 3^7 


2 


• y 


HJIH 


1 


(1 + 9) 


2 


1 


2q+ g^Oiq), 


r;ie 0 {q) — HeKOTopan (J)yHKi];HH ot q, KOTOpan ocTaeiCH 
orpaHHqeHHOH no a6cojiK)THOH BejinnHHe npn q 0. Hojiaran 


8 COS 0 , nojiynHM: 


1 


(1 + 8 COS 0 )^ 

nOSTOMy H 3 ( 3 ) CJICAyCT 


1 


28 cos 0 + 8^0 (8) 


T 


P 


2 


0 



28 sin 0) + 8^0 (8) 


npeHe6peraH njienaMH, co;iep>Kaii],HMH 8^, nojiynnM 


T 


P 


2 


0 



2^ sin 0) 


( 6 ) 


Hojiohchm b 3 TOM paBCHCTBC 0 = 2 jt; Tor;ia t — T, rjxe T 

nepHo;i o6paiiieHHH cnyranKa BOKpyr npHTnrnBaioiiiero ucht- 

pa. B 3T0M cjiynae (j)OpMyjia (6) ;iaeT: 


T 


P 


2 


2jt 


0 


(7) 


Ha (6) H (7) cjieAVeT, qro npn jik)6om 0 


T 


T 


2n 



2e sin 0) 


( 8 ) 


TonHbiM BbinHCJiCHHCM HHTerpajia ( 3 ) npn s =f= I Mbi san- 
MCMCH B cjiejiyiomeM naparpa(J)e. 

3a;;aHH 

1. PaKera noJiy^HJia na BbicoTe230of na^ noBepxHocTbio Sbmjih napa- 

6oJiHHecKyK) CKopocTb B ropHsoHTajibHOM HanpaBJieHHH. ^epea neKOTOpoe 

BpeMH oHa AOCTHPJia opdHTbi JlyHbi (oKaaaJiacb na pacciOHHHH 384 000 km 
OT ueHTpa SeMJiH). CKOJibKo BpeMeHH saHHJi 3TOT nepejier? 
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2. KocMHqecKaH panera (P) ^BHrajiacb soKpyr CoJinua (S) no Kpyro- 
BOH opOnre, 6jih3koh k opOnre Seivuin (SP;^ 150* 10® km). Bjiaro^apn 

nenpoAOJiJKHTejibHOMy BKjnonenHio paKeTHoro ABHrareJin CKopocTb paKexbi 
HSMeHHJiacb H cTaJia napaOoJinnecKOH, npnneM boktop stoh CKopocTH oKa- 
aaJiCH pacnoJiojKeHHbiM b njiocKocTH opOnTbi Henryna h HanpaBJiennbiMnep- 
ncHAHKyjiHpHo K pa^nycy-BeKTOpy paKeibi SP. Ckojibko BpeMenn noTpe- 
OyerCH aareivi paKere ji^Jin nojiera c BbiKJiioneHHbiM ABHraiejieM ao opOnTbi 

Henryna? OpOnry Henryna mojkho cnniaTb oKpy^HocTbio, pa^nyc koto- 
poH paBen 30,1 a. e. 

3. KopaOjib-cnyTHHK, BbmeAeHHbiH na oKOJioaeMHyio opOnry, HMeer 

TaKHe napaMeTpbi: Bbicora b nepnree = 180 km, Bbicora b anoree 
H^ = 340 KM, MOMCHT 4 npoxoJKAeHHH nepes nepnuenTp — 9 nacoB 00 mh- 

HyT no MOCKOBCKOMy BpeMenn. Ha nepBOM nee BHTKe ^oJincno 6 biTb bkjiio- 
neno TOpMosnoe ycTponcTBo, KOTopoe nosBOJinr KopaOjiio npnseMJiHTbCH 
B aapanee yKasannoM panone. npe;;BapHTeJibHbie pacneibi nonasaJin, nro 
AJih 3 T 0 H ueJiH cJie^yeT BKjnonnxb TopMoanoe ycTponciBo b tot momomt, 
Kor^a HCTHnnan anoMaJinn KopaOjin cocTaBHT 270°. B Kanon momoht Bpe- 
Menn 4 cjie^yeT BKJiionHTb TopMoanoe ycTponcTBo? 


§ 2. BbIBOfl yPABHEHH^I KEOJIEPA 


1. B 9TOM naparpa4)e mm safiMeMca onpeAejieHHeM npOMe- 
HcyTKa BpeMCHH, Heo6xoAHMoro mh nepejiera cnyTHHKa no 

HSBecTHoft ajiJiHnTHnecKOH hjih rHnep6o;iHqecKoft opfinre ot 
nepHueHTpa ao aajiaHHOH tohkh op6hth P. 

Mm BHjiejiH, HTO 9TO BpeMH t BMpa»:aeTca onpejieaeHHHM 
HHTerpajiOM nepea ncTHnnyio anoMajinio 0 TonKH P. HH»:e mm 

y6e;iHMCH, nro npoilOJiHiHTejibHOCTb nojiexa t sHaanTeabHO 

npome BMpa»:aeTca aepea Apyrofi napaMexp, Z, xapaKxepn- 
syioiUMH noaoHceHHe xohkh P. HanoMHHM (cm. raaBy II, § 8), 
axo ypaBHenna 

X — a cos Z, y = b sin Z (1) 


saflaiox B napaMexpnaecKOH (J)opMe: 

a) SAAunc (pnc. 2.9) 




ecjiH a'^b'^O h Z npofieraex BemecxBeaHbie sHaaenna 

OT — oo j^o oo HJIH ox npOHSBOJibHoro d jifl d + 2n; 

6) Aeeyto eemet eunepdoAbi (pnc. 2.10) 




BbIBOA yPABHEHH5I KEnJIEPA 
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ecjiH a = — |a|, b — — ^\b\, Z = iHy r;ie H npo6eraeT Be- 
mecTBeHHbie snaqeHHH ot — oo ;;o oo.] 

riycTb op6HTa cnyTHHKa P aa^ana ypaBHeHHHMH BH;ia (1). 
B KajKAbiH MOMeHT BpeMCHH t nojioHceHHe cnyTHHKa Bnojine 
onpe^ojiCHO, ecjin 3a;iaHO cooTBCTCTByiouiee hhcjio Z, nasbi- 

BacMoe dfcciiennipuHecKou 

aHOMUAueH . H an p HMcp, 

eCJIH B KaKOH-TO MO- 

MCHT 4 SKCueHTpHnecKan 

aHOMajiHH Z paBHa 0, to 

CnyTHHK HMCCT KOOpAHHa- 

Tbi (a, 0), TO ecTb Haxo- 

AHTCH B nepHUCHTpe 77 

CBOefi Op6HTbI. 

SKcueHTpHHecKan ano- 

MaAHH cnyTHHKa PAonyc- 

KacT B cAynae SAAnnca 

npocToe reoMCTpHnecKoe 

HCTOAKOBanne KaK paAH- 

aHHan Mcpa HCKOToporo 

yrAa (pHC. 3.1). FIocTpo- 

CHHC SToro yrAa, o6o3HaHaeMoro b CAynae aAAnnTHnecKoro 
ABH>KeHHH nepea E, AOCTaTonno hcho h3 pncyHKa *). 

TaK KaK npHTHTHBaiOmHH UCHTp A HMCeT KOOpAHHaTbl 

{c, 0) (cm. TAaay II, § 8), a TOHKa P HMecT KOOpAnnaTbi (a cos Z, 

b sin Z), TO MOHCHO BbipaaHTb AAHHy r paAnyca-BCKTopa AP 
cnyTHHKa P nepes sKCucHTpHnecKyio anoMaAnio Z: 

= AP^ = (a cos Z — c)^ + {b sin Z)^. 

HcnoAbsyn paBCHCTBa 

c = ea, b^ = (I — e^), 

nOCAC SAeMCHTapHOH BbIKAaAKH nOAyHHM 

r = \a {I — 8 cos Z) |. 

*) B cjiyqae rHnep6oJiHHecKOH op6HTbi mojkho sKCueHTpH^ecKyio ano- 
MaJiHK) Z npeACTaBHTb b BH^e Z = iH u MHCJiy H TO>Ke mo>kho a^tb reo- 
MeipHqecKoe HCTOJiKOBanHe, a hmchho paccMaTpHBaxb ero KaK njiomaAb 
HeKOToporo rHnep6oJiHqecKoro ceKTOpa. Ho Mbi na otoh HHTepnpexauHH 
ocTanaBJiHBaTbCH He 6yAeM, h6o ona MaJio noJiesHa. 
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Ho Bbipa^ceHHe noA snaKOM MOAyJin BcerAa nojiOHCHTejib- 

HO — KaK B cjiyqae sjiJiHnca (a > 0, 0 e 1, [cos Z [ = 
^IcosEj^ 1), TaK H B cjiyqae rHnep6ojibi (a 0, 
cos Z = cos i// = ch // > 1). HosTOMy 

r — a {\ — 8 cos Z). (4) 


2. IlycTb cnyTHHK b momcht naxoAHJicn b cbocm nepH- 
UCHTpe /7, a B MOMCHT t npHiueji b TO^Ky P, HMeioiiiyio skc- 
UCHTpH^ecKyio anoMajiHK) Z. HpHCTynHM k BbiBOAy (})opMyjibi, 
Bbipaxcaioiuefi npOAOJixcHTejibHocxb nepejiexa no nyxH UP 

qepes Z. 

B KaXCAblH MOMCHT BpCMCHH t BCJIHHHHa Z CBHSaHa C BC- 

jiHHHHOH r c noMOiubK) (J)OpMyjibi (4), a r H / CBHsaHbi ue^Kjiy 

C06oH SaBHCHMOCTbK) [CM. (2.6.1)] 



a 

p 


8 sin 0. 



B nOCJICAHIOIO SaBHCHMOCTb BXOAHT HCHyjKHan AJIH HaiUHX 
UCJICH BCJIHHHHa 0. Ho OpAHHaTa y TOHKH P B JII060H MOMCHT 

BpCMCHH t paBHa b sin Z; h b to me BpCMH ona paana r sin 0, 

TaK HTO 

r sin 0 = b sin Z. (6) 


HcKJHOHHB H3 paBCHCTB (4) — (6) r H 0, MbI H HaHACM HHTC- 

pecyiomyK) nac saBHCHMocTb Mcx^Ay Z u t, JXjin stoh ucjih 

npOAH(})|)CpCHUHpyCM TOHCACCTBO (4): 



Ha (J)opMyji (5) — 



cjicAyeT, HTo 



a 

F* 


TaK KaK r = a (I — 8 cos Z), to nojiynHM 




HJIH 


(8) 



BbIBOfl yPABHEHHJI KEHJIEPA 
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rae 


n 


a fab. 


( 9 ) 


Ha (8), oqeBHAHo, cjie;;yeT, qio 


Z 


8 sin Z 


n {t 


^o)> 


( 10 ) 


HJIH 


Z — 8 sin Z 


nx. 


(10') 


nocjie;;Hee ypaBHeHne naabmaeTCH ypaenenueM KetiAepa 
sjijiHnTH^ecKoro h rnnepOojiHqecKoro ;;BH}KeHHH. 

npeoOpaayeM Bbipa^ceHne n. Tan KaK Mbi ycjiOBHjincb 
orpaHH^HTbCH cjiyqaeM npHMoro cnyTHHKa (cr ^ 0), 


TO a 


Vkp 


H 


n 


G 


a 


b 


a b 


Vkp 


Vk 


a 


b 


b 


a 


TO ecTb 


n 


YK! 


a 


(11) 


B cjiy^ae ajuinnca 


a ^ b 0 , n 


n 


( 12 ) 


B cjiy^ae rnnepOojibi 


a 


a\,b 


i b\, n 


n 


(13) 


CpaBHHBan 4)opMyjibi (11) h (12) c (2.10.4) h (2.10.3), y6e}K- 

AaeMCH B TOM, ^To B cjiy^ae sjuinniH^ecKoro ASHxceHHH n 
ecTb cpej^HHH yrjioBan CKOpocTb ;;BHHceHHH cnyraHKa no op- 
6HTe, TO ecTb ero cpej^nee OTHHcenne. 

SannmeM ocnoBHbie na nojiyqennbix cefinac 4)opMyji b Ta- 

KOM BHAe, B KOTOpOM OHH o6binHO BCTpenaiOTCH B JIHTepaType. 


Hojiaran Z 


E B cjiynae ajijinnca h Z 


iH B cjiynae rn- 


nep6ojibi, na (4) n (10) 


(13) nojiynHM: 


AJiH sjiJiHnTHnecKoro ABH>KeHHH 


n 


a {I — 

VKI^, 


8 COS £), 


(14) 

(15) 


E 


8 sin E 


n{t — to)-, 


(16) 
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;^ji5i r4inep6ojiHqecKoro ABH>KeHH5i 


r — 1 a 1 (e ch // — 1), 

(17) 

\n\=YKI\a^ , 

(18) 

e sh // — // = n [(/ — /o)- 

(19) 


BejiHqHHy M = n {t — 4) b cjiyqae 9AAunmuHecK020 abh- 

HceHHH o6biqHO nasbiBaioT cpedneH anoMUAueu cnyiHHKa. Ona 
HMeeT npocTOH MexaHHqecKHft cmhcji: sto pajiHaHHan Mepa 
;iyrH, KOTOpyic onncaji 6bi Me>KAy MOMeHiaMH vi t (J)hkthb- 
HbiH, BOo6paHcaeMbiH cnyiHHK 0, ecjiH 6bi oh ABHrajicn paBHO- 
MepHo c yrjiOBOH CKOpocTbio n. 

3. CBHSb MCHCjiy SKCUeHTpHHeCKOH aHOMajIHefi Z H HCTHH- 

HOH aHOMajineft 0 cjieAyoT h 3 (|)0pMyji 



OxcKDAa nojiyqHM: 

1 — 8 cos Z = 


1 

1 + 8 cos 0 



Hojibsyncb (J)OpMyjiOH (20), JierKO BbiHHCJiHTb nocjieAOBaxejib- 

HO sHaqeHHH cos 0,1 — cos 0,1+ cos 0, tg 0/2: 

Sa^aM H 

1. KocMOJieT npH Bbixo;^e na sJiJiHnTHqecKyio opOHTy OTHOcHieJibHO 

SeMJiH Ha BbicoTe 230 km iiMeei naMajibHyio cKopocTb Vq ~ 10,95 kmIcck. 

BeKTOp CKOpOCTH B 3TOT MOMCHT HanpaBJICH HapaJIJieJIbHO nOBepXHOCTH 
SeMJlH H Jie>KHT B HJIOCKOCTH JiyHHOH OpOHTbl. HaH;^HTe BpBMH HOJieTa KOC- 

MOJiera ao opOHTbi Jlynbi, CHHTan, hto Jlyna ABH}KeTCH BOKpyr SeMJiH no 

0 Kpy}KH 0 CTH pa^Hyca r = 384 400 km. 

2. PeuiHTe npeAbiAyiAyK) saA^ny b npeAnoAoJKenHH, hto = 
= 12,0 KMiceK. 

3. B HanaJie paccMarpHsaeMoro ynacTKa nepejiera cnyTHHK CoJinna 
HaxoAHJiCH B cBoeM nepHrejiHH, b kohuc ynacTKa — na paccTOHHHH r 
OT ueHTpa CoJiHua. npH stom paAHyc-BeKTOp cnyiHHKa noBepnyjiCH Menb- 
me HeM na noJi-oOopOTa BOKpyr CoJiHua. CnoJibKO BpeMeHH'(T) aan^Ji nepe- 
jieT?/laHTe nsnoe Bbipa>KeHHe t nepea 8, a, K, r (ABH>KeHHe npoHCxoAHT na 
ajiJiHHcy). 



PEIUEHHE yPABHEHH5I KEHJIEPA 
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4 . BbipasHTe CKopocTb v cnyiHHKa, ;;BH}KyiueroCH no sjiJiHnTHnecKOH 
HJiH rnnep^oJinnecKOH op 6 HTe, h ee pa^HaJibnyio n nonepennyio cociaB- 
;iHK)ii;He v^, h nepea K, a, E (hjih cooTBeTCTBenno H). 

5 . Op 6 HTa cnyTHHKa — sjuinnc hjih rHnep 6 oJia. HsBecTHbi napaMCT- 
pbi 8 , a, K- Ckojibko BpeMenn (r) aafiMex nepejiex cnyTHHKa ot nepHuenTpa 

;;0 TOHKH C HCTHHHOH aHOMaJIHCH 0 ? 


§ 3. PEUIEHME yPABHEHH^I KEOJIEPA 

t 

1. ypaBHeHHeM Kenjiepa (3.2.10) (b BH;ie (3.2.16) hjih 
(3.2.19)) npHxojlHTCH nojibSOBaTbCH xaKHce b xex cjiynanx, 

Korjia Heo6xo;iHMO npejicKasaTb, rjie, b KaKofi tohre cboeh 
opfiHTbi, OyAET Haxoj^HTbCH CHyTHHK B sapaHee yKaaaHHbiH mo- 

MEHT BpeMCHH. B 3T0M CJiyHae T, HCKOMblMH TKe BejIHHHHa- 
MH HBJIHIOTCH SKCUeHTpHHeCKaH aHOMajIHH Z, a TaKHCE JIBE 4)yHK- 

UHH OT SKcueHTpHHecKOH aHOMajiHH: r H 0. ypaBHenne (3.2.10) 

HBJineTCH TpaHCUeHJ^eHTHblM OTHOCHTejIbHO Z. 

HoKaHceM cnanajia, hto ypaBHenne Kenjiepa — h b cjiy- 
nae sjijiHHTHHecKoro jiBHHceHHH (0 e 1), h b cjiynae 
rnnepOojiHHecKoro ASHHceHHH (e > 1) — ajih Kan^jioro sajian- 

Horo t HMeeT pemeHne, h npHTOM eAHHCXBeHHoe. 

a) 9AAunmuHecKoe deuofceHue. ypaBHenne Kenjiepa Moncex 
6bixb sanncano b bhae 

E — 8 sin £ = M, (1) 

rjie M — nx — n{t — ^o)* Cnanajia npeAnojioncHM, nxo nne- 
jio M ne AeJiHXcn nauejio na n (xo ecxb npn jiioOom uejiOM k 

Torjia mohcho no;;o6paxb xanoe uejioe hhcjio ky 

HXO 

Ajt<M<(£+ 1 )jx. 

PaCCMOXpHM 4)yHKUHIO 

O (£)=£ — 8 sin E, (2) 

3xa nenpepbiBnan ^jyHKunn mohoxohho Bospacxaex na nnxep- 

Bajie (— oo, oo), h6o 



rioaxoMy O (£) npnnnMaex SHanenne M ue donee hbm npu 
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odnoM SHa^eHHH E. Ho 0 {kn) = kn M, ^ [{k + 1) Ji] = 
— (^ + 1) Ji> Al. HosTOMy ({lyHKUHH O {E) ne uenee hcm 

npu odnoM SHa^eHHH E h 3 cerMeHTa \kn, (k + 1) ji] npHHH- 
MaeT 3HaqeHHe M, CjieAOBaiejibHO, npu a^hhom M [kn < 

1) ji] cyiuecTByeT b tohhocth odno hhcjio £, 
A^H KOTOporo ^ (E) = M, npHHeM kn <IE <^{k 1) ji. 

Ecjih M = kn (onymeHHbiH panee cjiy^aft), to eAHHCTBen- 
HbiM KopHeM ypaBHeHHH KenAepa (1) 6yAeT qncAO E M, 
HiaK, ypaBHeHHe (1) onpeAeAHeT a-^h KajKAoft napbi qn- 

ceA 8 H M(0<^8<^1, — ooc^M oo) eAHHCTBeHHoe qqc- 
Ao E, TO ecTb HeHBHo 3aAaeT HeKOTopyio odnosHmHyfo ({lyHK- 

UBio E ^ E {e, M). 

6) EunepboAUHecKoe deuMenue (8^1). B stom CAyqae 

ypaBHeHHe KenAepa npHBOAHMo k BHAy (3.2.19): 

8 sh 7/ — // - M, (3) 

TAe M == \n\{t — t^), OyHKUHH 

W (//) = 8 sh // — // (4) 

MOHOTOHHO B03paCTaeT Ha HHTepBaAe (— oo, oo), h6o W' (//) = 

= 8 ch // — 1^0 (e ^ 1 H, KpoMe Toro, npH ak)6om H 

ch // > 1). riosTOMy ypaBHeHHe (3) HMeeT (npH AaHHOM M) 

He OoAee odnoeo Kopun H. KpoMe Toro, npH 7/ -> + oo 

HosTOMy HaHAeTCH TaKoe hhcao 7 / 2 , hto Y {H^) ^ M, A npH 

— 00 W (77) — 00 , T. e. HaHAeTCH TaKoe snaqe- 

HHe /7i, qTo W {Hi) M. B CHAy nenpepbiBHOCTH 4)yHKUHH 

W (77) no KpauHeu Mepe npu odnoM anaqeHHH 77 h 3 cerMeHTa 

[77i, 773 ] npHHHMaeT anaqeHHe M. CAeAOBaTeAbHo, ypaBHe¬ 
HHe (3) HMeeT B ToqHocTH oduH KopeHb 77. 

Z(ah pemeHHH ypaBHeHHH KenAepa npHMennioT npH6AHAceH- 
Hbie MeTOAbi. Ecah Tpe6yeTCH naftTH Kopenb ypaBHeHHH Ken¬ 
Aepa c He6oAbmoH ToqnocTbio, to mo>kho BOcnoAbaonaTbCH 
rpa(j)HqecKHM cnoco6oM. Kopenb E ypaBHeHHH (1) moacho, 
oqeBHAHO, HaHTH KaK a6cuHccy tohkh nepeceqeHHH Aeyx ah- 
hhh: CHHycoHAbi ^ = sin E h npHMoft y = {E — M)/8. Ana- 

AorHHHo KopeHb ypaBHeHHH (3) Mo>KHo noAyqHTb KaK a6c- 

UHCCy TOHKH BCTpeqH KpHBOH f/ = sh 77 H npHMOH y={M-\- H)/8. 
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2. B coBpeMeHHOH MaieMaTHKe paapaSoTanbi 3(|)(j)eKTHBHbie 
MeTOAbi Haxo>KAeHHH KopHeft TpaHcueHAeHTHbix ypaBHeHHH 
c jik)6oh HanepeA saAaHHOH ToqHOCTbio. 3 th MeioAbi a^iot 

B03M0>KH0CTb 6bICTpO peUIHTb (c J 1 I 060 H Tpe6yeMOH TOHROCTblo) 

xaKoe cpaBHHTejibHO npocToe ypasHeHHe, KaKHM HBJiHeicH 
ypaBHeHHe Kenjiepa. 

B qacTHOCTH, a^h peuieHHH ypasHeHHH Kenjiepa qacTO 
nojibsyioTCH laK HasbrnaeMbiMH utnepanuoHHbiMu McmodaMu. 
B npocTeftmeM cjiyqae, KOTOpbiH TOjibKO h 6yAeT Hac SAecb 
HHiepecoBaib, cyiuHocTb HTepauHOHHoro MeioAa saKJiioqaeTCH 

B cjieAyioiAeM. OycTb ypasHenHecp (a:) == 0 HMeei Ha KaKOM-To 

HHTepBajie KOpeHb, h npHTOM eAHHCTBeHHbiH; o6o3HaqHM ero 

qepe3 H. 

CTpoHM no onpeAeJieHHOMy peuenxy (KancAbiH HiepauHOH- 
HbiH MeioA xapaKTepH3yeTCH cbohm peuenroM) j\jih AaHHoft 
(|)yHKUHH (p (x) BcnoMorarejibHyK) (j)yHKUHK) f {x) u c ee no- 

MOLAbK) — nOCJieAOBaxeJIbHOCTb HHCeJI Xj, A: 2 , . . Xn, ... no 

(f)opMyjie 

Xn+l = / {Xn), n = 0, 1, 2, . . . (5) 

HanpHMep, umepai{uoHHoao Memoda Mbtotnona (|)yHKUHH 
f (x) BbiSHpaeTCH no ^^op^yjie 

'«=" <«> 

Hto KacaeTCH «HyjieBoro npH6jiHH^eHHH» Xq, to oho Bbi6HpaeT- 

CH Ha OCHOBaHHH npHKHAKH (6bITb xMO>KeT, AaJKC BECbMa Tpy- 

6oh) hjih h 3 KaKHX-jiH6o ApyrHX coo6pa}KeHHH. SaxeM noxa- 

3bIBaeTCH, HTO nOCJieAOBaTejIbHOCTb {Xn} CXOAHTCH K HCKO- 
MOMy KOpHK) a:. 

rtoHHTHO, HTO ^^YHKUHA / (a:) HE MO>KeT 6bITb B3HTa npOH3- 

BOjibHo, a AOJi>KHa 6biTb Bbidpana nacTOJibKO yAanno, qTo6bi 
Ha npaKTHKe — npH BecbMa o6mHx npeAnojio>KeHHHx — no- 

cjieAOBaTejibHOCTb hhceji {x^}, nopo>KAaeMaH ^^ynKUHeft f (a:), 

AeftcTBHTejibHo cxoAHJiacb K HHTepecyiomeMy nac KopHio x 

ypaBHeHHH cp (x) — 0. 

OcoSeHHo Ba>KHO nojiyHHTb oueHKy j^jih norpeiiiHocTH n-ro 

npH6jIH>KeHHH Xfif TO eCTb JXJIH BejIHHHHbl \x — Xn\. 

Mbi 3Aecb paccMOTpHM npHMeHHTejibHo K ypaBHeHHK) Ken- 

•^epa AHUIb OAHH HTepaUHOHHblH METOA — METOA HenOABHJKHOH 
TOHKH. 

® B. BajiK 
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3. MeTOA HenoABHMHOH tohkh. JXji^ pc* 

lueHHH no 3TOMy MeTOAy ypaBHenne 

(p (X) = 0 (7) 

saMeHHeTCH paBHOCHjibHbiM eMy ypaBHenneM bhab *) 

X = f (x). (8) 

riocAe Bbi6opa HyjieBoro npH6AH>KeHHH Xq cTpoHicn no- 

CJieAOBaTeAbHOCTb npH6AH>KeHHH X^J . . Xny . . . HO 

4)opMyAaM 

^1 = / (^o), ^2 = / (^l), • • •, Xnn = f (Xn), ■ ■ ■ (9) 

Ecah OKa>KeTCH, mo nocACAOBarejibHOCTb {Xa} cxoahtch k ne- 

KOTOpoMy npeAejiy 3c, a / {x) — nenpepbiBHan ^^ynKunn b Ton- 

Ke 3c, TO H3 (9) bhaho, mo x == / (x). A sto snanHT, mo x 
KaK pas H 6yAeT Kopneivi ypasHennH (7). 

OpHMeHHM MeTOA HenOABH>KHOH TO^KH peiiieHHH 

ypaBHeHHH Kenjiepa b cjiynae dAAunmmecKoeo ABH>KeHHH: 

£ = 8 sin £ H- M, (10) 

3a HyAeBoe npH6AH>KeHHe hckomoto Kopnn E mo>kho, 

nanpHMep, npHnmb nncAO 0 hah M, hah KaKoe-AH6o Apyroe 

HHCAO. OoCAeAOBaTeAbHbie npH6AH>KeHHH En K KOpHK) E 6y- 

AOM BbIHHCAHTb HO 

Envi e sin En + M, (11) 

HanpHMep, npH £o = 0 

Ei = M, E^ = ^ sin M + M, £3 == e sin £2 + • 

JXoKameu, hto nocAedoeameAhHOcmh {En} cxodumcn npu 
AtoOoM ebidope HanaAbHoao npudAuotceHUH E^. MtoOm b stom 
y6eAHTbCH,' AocTaTOHHO AOKasaTb cxoahmoctb pHAa 

£0 + (£1 - £ 0 ) + (£2 - £ 1 ) + (£3 - £ 2 ) + . . . 

. . . -\-{En+i — En) + . . ., (12) 

*) C 3anHCbio(8) CBHsaHo HaaeaHHe MexoAa: c noMoii;bK) npeo6pa30Ba- 
HHB y ~ f (x) «TOMKa» X nepexoAHT b ^pyryio «TOMKy» f (x), h Hac HHxepe- 

cyex xaKan «xoMKa» x, KoxopoH / (a*) = x, xo ecxbxaKaB «xoBKa» at, 
KoxopaB npeo6pa3yexcB (})yHKUHeH y ~ f (x) caMa b ce6 B, hjih, kbk xobo- 
pHx, «ocxaexcH HenoABH>KHOH» npH npeo6pa30BaHHH y ~ f (x). 


S 3] 
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qacTHbie cynMU KOToporo coBna^aioT c MjieHaMH nocjieAOBa- 
XeJIbHOCTH {£■„}. ripH nOMOUlH (11) HaXOAHM: 


E 


/Z+1 


En 


8 sin En 


ssinEn-i 


281 sin 


En 


~ ^n-1 [En + En-I 

2 2 


En 


En-i 


(13) 


(h6o npH 


jik) 6 om 


Beu^ecTBCHHOM a HMeeM | cos a [ 1 , 


sin a 


E 


a|). rio (|)opMyjie (13) 


E,\<t\Ei 


Eol\E 


E 


e\E 


-e,\k 

<^^\E^ 


E 


H BOo 6 ii;e, npH jiio 6 om n 


En+i 


Enl^e^ E^ 


E 


Htbk, HJicHbi pHAa (12), HanHHan co BToporo, ne npcBocxoAHT 

no a 6 cOAK)THOH BCJIH^HHe COOTBCTCTByiOIAHX qjICHOB snaKono- 

Ao^KHTCJibHOH reoMCTpHqecKOH nporpeccHH 


Ex 


£ol + e 1^1 


)^ol+ e^lf. 


En I ~t” . . 


. . . “f" 8” I 


fol + 


KOTOpan cxoAHTCH, h 6 o 0 <^ 8 <' 1 . C.aeAOBaTeJibHo, n- psA 


(12) CXOAHTCH, a BMCCTC C HHM 


nOGJICAOBaTCAbHOCTb {^n}- 


riycTb E 


npcAeji 3TOH nocACAOBaiejibHocTH: lim En 


E, 


OepexoAH B ( 11 ) K npcACJiy npn n 


n-^oo 


oo, ydeAHMCH, mto 


E 


8 sin £■ + M, 


TO ecTb E 


KopeHb ypaBHCHHa Kenjiepa (10). 


OueHHM norpeuiHOCTb n-vo npH 6 jiHH<eHHa En. 


E 


En 


{E 


n+1 


En) + (E 


n+2 


E 


n+i 


)+{E 


rt+3 


E 


n+2 


) + • • 


I En+i - 

< e"|£. 


E 


+ |£ 


+2 


E 


n +1 


f«l + 


E 


l + l^ 

EA + 


n+3 


E 


n +2 


E 


fft I + .. 


TO eCTb 


Ei — EJ, 


E — En\<r-^\Ei -Eo 

1—8 ^ 


(14) 


8 * 
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AHaJIOPHHHO MO>KHO nOKaSHTb, HTO 

|£ —£„K (15) 


XaKHM o6pa30M, npu AtodoM eudope nyAeeoao npuOAUOfceHUH 
Eq, jiaTKe o^eHb rpy6oM, Mbi nocjie KOHe^Horo ^HCJia luaroB 
nojiy^HM micjio KOTopoe 6yAeT — b npeAejiax AonycTHMoft 
norpeiiiHocTH — pasHO KopHio ypaBHeHHH Kenjiepa. 

AHaAOPHHHbie paccy>KAeHHH MoryT 6biTb npHMeHeHbi h a^h 

iiiHpoKoro Kjiacca ypaeHeHHH bhab (8), a HMeHHo: ecAU e ne- 
Komopou oKpecmnocmu KopHR ypaeneHUH (8) \f'{x) \<N<1, 
a nyAeeoe npudAuotceHue ebidpano U3 dtnou oKpecmnocmu, mo 
nocAedoeameAbHbie npudAuofcenuA, nocmpoenHbie nocpopuyAe (5), 
cxodnmcH k pemenufo ypaenenuH (8), npmeM noapeuiHocmb 
n-eo npudAuofceHUA moowho ot{eHumb c noMoinbw ah)6ou u 3 deyx 

(popMyA: 




4. MeTOA HenoABH>KHOH tohkh He MO>KeT 6biTb npHMeHeH 
K ypaBHeHHK) Kenjiepa a«^h aunepdoAmecKoao ABH>KeHHH (3), 
BanHcaHHOMy b BHAe 



/leHCTBHTeJIbHO, B 3T0M cjiyHae npH jik)6om H 

/' (//) = (8 sh // — M)' = 8 ch // > 1. 

OAHaKO 3TOT MeTOA M05KeT 6bITb HCHOJIbSOBaH JXJ191 peUieHHH 

ypaBHeHHH (3), ecAH BocnoAbsoBaibCH ^^yRKUHefi 

^ = Ar sh X, 

06 paTH 0 H no OTHOmeHHIO K (J)yHKUHH 

X = sh y. 


riepenHUieM ypaBHeHHe (3) CAeAyiouiHM o6pa30M: 



( 17 ) 



PEIUEHHE yPABHEHH5I KEnjTEPA 


117 



riojiaraH / (H) = Ar sh x, r^e x — {H + M)/e, h nojibsyncb 

npaBHJioM AH(|)(|)epeHUHpoBaHHH o6paTHOH (|)yHKUHH, HaftAeM: 



h 6 o ch ^ ^ I npH jik) 6 om y. 



XaKHM o6pa30M, ycjiOBHe cxoahmocth HiepauHORHoro 


npouecca BbinojiHHeTCH. 

riocjie Bbi6opa HyjieBoro npH6jiH>KeHHH Hq mo>kho naxo- 
AHTb nocjieAOBaxejibHbie npH6AH>KeHHH no ^^opMyjie 



BbiRHCJieHHH MORCHo BbinojiHHTb c noMoiAbK) Ta6jiHU rHnep6o- 

AHRecKoro CHHyca (cm. [0.19]). /Iah ouchkh norpeinnocTH 

n-TO npH6AH>KeHHH noAynHM h 3 (16) npn N = l/e 


— —!-t 1 Hn — Hn-I |. 

' 8 — 1 ' 

SaMCTHM, RTO npH SKCUeHTpHCHTCTe 8, 6 aH 3KOM K 1, MC- 

TOA HenOABH>KHOH TORKH KBK SAAMBTHneCKOrO, TBK H A-^H 

rHnep6oAHnecKoro ABH>KeHHH cxoahtch mcaachho. B tbkhx 
CAynanx npHMCHHiOT Apyrne, 6njiee tohkhc MCTOAbi. 

B nacTonmee BpcMH H3BecTHbi paaAHnnbie HTepauHonnwe 
MCTOAbi, c noMoiAbio KOTopbix MOACHO ycncuiHo pemaTb Tpanc- 
UCHACHTHbie ypaBHCHHH, B TOM RHCAC H ypaBHCHHc KcnACpa. 

MTcpauHOHHbie mctoah oco6enHo yAoOHbi a^h pemennH ypaB- 

HCHHH Ha 6bICTpOAeHCTByK)Ii;HX BblHHCAHTCAbHblX MaUIHHaX. 

B caMOM A^Ac, npH pemcHHH aaAann TaKHM mctoaom Ha- 

xo>KAeHHH Ka^KAoro CACAyioiiiero npH6AH>KeHHH Heo6xoAHMO 

nOBTOpHTb OAHH H TOT JKC UHKA BblHHCACHHH (hO C pa3AHHHbI- 
MH HHCAaMH). OKaBblBaCTCH, ACPKO COCTBBHTb TBRyK) HpOPpaM- 

My AAH MaTCMaTHHCCKOH MaUIHHbl, npH KOTOpOH MaUIHHa caMa 

BbifiepcT Heo6xoAHMoe hhcao uhkaob h npcKpaTHT BbinncAc- 

HHC TOTAa, KOPAa nOAyqHTCH TaKOe npH^AHJKCHHC, KOTOpoe 
OTAHnaCTCH OT TOHHOrO aHanCHHH KOpHH Ha BCAHHHHy, MCHb- 

uiyio 3aAaHHOH AonycTHMOH norpeuiHocTH. 
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HMeioTCH pa3Hoo6pa3Hbie Ta6jiHUbi, AaioiuHe SHaneKHe 

SKCUeHTpH^eCKOH aHOMaJIHH B 3aBHCHMOCTH OT SKCUeHipHCHTe- 

Ta 8 H cpeAHeft aHOMajiHH M. TaKOBbi, nanpHMep, Ta6jiHUbi 

AcTpaHAa, BayuiHHrepa, BHpTua, M. O. Cy66oTHHa, 

C. n. Ejiaaenana h ap- 

SaAaHH 

1. HcKyccTBeHHbiH cnyxHHK SeMJiH, aanymcHHbiH b KaqecTBe aoH^a 
;;jiH HCCJieAOBaHHH cbohctb KOCMH^ecKoro npocipaHCTBa na pacciOHHHH 
HecKOJibKHx AecHTKOB TbicHH KHJioMexpoB OX SeMJiH, HMCJi xaKHB napaMBx- 
pbi: a = 10^ KMy e — 0,5. Tpe6yexcH npeACKaaaxb SHaqeHHH SKCueHXpH^e- 

CKOH aHOMajiHH £, HCXHHHOH aHOMaJIHH 0 H paCCXOHHHH T CHyXHHKa OX 

ueHxpa SeMJiH nepea r muh nocjie npoxo^KAeHHH cnyxHHKa nepea nepHren. 
E cjie^yex BbiHHCJiHxb c xohhocxbio ao 0,01 pad. PaccMOXpHxe cjiynan 
T = 50 MUH, T = 300 MUH. 

2. HcKyccxBeHHbiH cnyxHHK Scmjih hmcji nepHrefi Ha paccxoHHHH 

6600 KM ox uenxpa Scmjih (xo ecxb npHMepno na Bbicoxe 230 km na^ noBepx- 
HOCXbK) SeMJiH), a anoreft — na paccxoHHHH 7400 km ox ueHxpa Scmjih 
( xo ecxb Ha Bbicoxe 1030/c^). CnyxHHK npomeji nepea cboh nepnreH b 4 naca 
no MocKOBCKOMy BpeMeHH. B 5 nacoB 20 MHHyx 6biJio BKJHoneHo xopMoanoe 
ycxpOHCXBO cnyxHHKa. HaH^nxe a-^h axoro MOMenxa SKCueHxpHqecKyio ano- 
MaJiHK) E cnyxHHKa, ero HcxHHHyio anoMaJiHio 0 h Bbicoxy ff naA noBepx- 

HOCXbK) SeMJiH. 

3. CoBexcKan aBXOMaxHnecKan cxanuHH «JIyHa-4», aanymennan b cxo- 
pOHy JlyHbi B 1963 roAy, nocjie npoxoHCACHHH hba JlynoH cxajia o6pa- 
maxbCH BOKpyr Sbmjih no xpaeKxopHH, Koxopan cnanaJia 6biJia secbMa 
6 jiHaKa K sJiJiHncy. Ha nepBOM BHXKe MaKCHMaJibHoe yAaJienne cxanuHH ox 

uenxpa SeMJiH cocxaBJiHJio 700 000 km, MHHHMaJibHoe — 90 000 km. Ha 

KaKOM paccxoHHHH OX ucHxpa SeMJiH oKaaaJiacb cxanuHH nepea ABoe cyxoK 
nocjie npoxoHCABHHH nepea nepHreft? 

4. MeHcnJianexHbiH aoHA (to ecxb aBxoMaxHnecKan cxanuHH a^ih HCCJie- 
AOBaiiHH MencnJianexHoro npocxpancxBa) cxapxyex c HCKyccxsennoro cnyx- 
HHKa SeMJiH. PoBHO B 12 nacoB no MocKOBCKOMy BpeMeHH aoHA OKaaaJiCH 
Ha Bbicoxe 630 km hba noBepXHocxbio SeMJiH, npHueM ero CKopocxb cocxaB- 
JiHJia 14,0 KMlceK h 6 biJia nanpaBJiena napaJiJieJibHO noBepxHocxH Scmjih. 
Tpe6yexcH A^xb npornoa: na KaKOM paccxoHHHH ox uenxpa Scmjih 6 yAex 
naxoAHXbCH aoHA b 10 uacoB Beuepa xoro nee ahh? 

§ 4. nPHBJlH>KEHHbIE 4)OPMyjlbI OPBHT, BJ1H3KMX 

K KPyrOBblM 

I. ypaBHeHHe Kenjiepa 

E — 8 sin £■ = M (1) 

onpeAEJiHei E KaK HeHBHyio ^^yHKUHio ot Asyx nepeMeHHbix 
M H 8: 


E = E {s, M). 
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ripH (|)HKCHpOBaHHOM M BEJIH^HHa E 6yAeT (|)yHKUHeH TOJIb- 

KO OT 8. 

B 3TOM naparpa(f)e mh orpaHH^HMcn paccMOTpeHHeM op- 

6 hT, 6 jIH 3KHX K KpyrOBbIM. JXjI^ XaKHX Op6HT SKCUeHTpHCHTeT 

8 6 jih 30 k k HyjiK) H nosTOMy MO>KHO nojiy^HTb npocTbie npH- 
6jiH>KeHHbie 4)opMyJibi pac^exa SKCueHTpH^ecKoft aHOMa- 
jim E H ApyrHX napaMeTpOB op6HTbi. JXji^ jiio 6 oh AH 4)4^epeH- 

UHpyeMOH ^yHKUHH / (8) npH MaJIbIX 8, KaK H3BeCTHO H3 Maie- 

MaiH^ecKoro aHajiH3a, cnpaseA^HBa npH6jiH>KeHHaH (|)opMyjia 


(0) + e/' (0). (2) 

nOJIO>KHM B 3TOH (|)OpMyjie 

f {e) = E (8, M), 

H 3 (1) cJieAyex, qxo npH 8 = 0 HMeeM E = M, 

JlH4)4)^peHUHpyH cooxHomeHHe (1) no 8 (cqnxan E ^^ywK- 
uneft 8), nojiyqnM 



nojiaran 3Aecb 8 = 0, HaftAeM: 

dE \ 

= (sin = sin (3) 

/e=0 

TaKHM o6pa30M, npHivienenne ^^opMyjibi (2) b a^hhom cjiy- 
Hae npHBOAHX k npH6jiH>KeHHOH ^opMyjie 

M + 8 sin M. (4) 

2. HaHAGM xenepb npH6jiH>KeHHyio ({)opMy;iy a«^h paAnyca- 

BeKxopa r. Kax Mbi 3HaeM, 

r = a (1 — 8 cos E), (5) 



H3 3X0H 4)opMyjibi BHAHO, nxo jxjiH xoFo, qxo6bi noAcnnxaxb r 

c xoqnocxbK) ao nepBoft cxenenn 8, cjiCAyex b (5) aaMennxb 

cos E npH6;iH>KeHHbiM anancHHeM, BepnwM c xoqnocxbio ao ny- 

jiCBOH cxenenn 8, xo ecxb xeM ero ananenneivi, Koxopoe nojiy- 
qaexcH npn 8 = 0: 

(cos = 


cos M. 


(6) 
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nOSTOMy 


r 


a (1 


8 cos M), 


3. BbiBCAeM npH6jiH>KeHHyio (|)0pMyjiy 
MajiHH 0. CorjiacHO HHTcrpajiy njioiuaAeH 




JIH HCTHHHOH aHO- 


— o 
dt 

(8) 

OpH nOMOUI,H COOTHOUieHHH 


II 

1 

(9) 


nepCHAeM OT AH(})(})epeHiXHpOBaHHH no / k AH^^^^epeHunpOBannio 

no M\ 



Ha ypaBHCHHH Kenjiepa (1) nMeeM 

dE _ 1 

dM 1 — e cos E 

Hcnojibsyn ( 5 ), nojiynaeM: 

\ _ \ dE 

r a dM 




riosTOMy ^^opMyjiy ( 10 ) mo>kho aanncaTb b bhac 


de 


a 


dM 


na 


2 


dE 

dM 


2 


HJIH, TaK KaK 



( 13 ) 

( 14 ) 

( 15 ) 



OPBHTbl, BJTH3KHE K KPVrOBblM 
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C ToqHOCTbK) AO nepBOH CTeneHH e cnpaBeAJiHBbi (|)opMyjibi 


dE 

dM 


1 + 28 cosTW, 




8 


2 


1 


nOSTOMy H3 (15) HMeeM 

dd 


dM 


1 + 28 cos M 


HHierpHpyH, nojiy^aeivi oKOH^aiejibHo: 


0 


M + 28 sin M, 


(16) 


4. Bbi6epeM b njiocKOCTH op6HTbi npHMoyrojibHyio chctc- 

My KoopAHHai cjieAyiOLUHM o6pa30M: 3a Ha^ajio BoabMCM npH- 
THPHBaiOmHH UeHTp A, 

3a ocb a6cuHcc — jihhhk) 

ancHA (pHC. 3.2). Ocb 

opAHHaT nojiyqaeTCH h3 
JIHHHH anCHA nOBOpOTOM 

Ha Ji/2paAHaH b Hanpae- 

JieHHH ABH>KeHHH cnyTHH- 

Ka. TaKyK) CHcieiviy ko- 

OpAHHaT Ha3bIBaK)T op6u- 
mUAbHOU, riyCTb B Heft 3JI- 

JIHHTHHeCKHft CHyTHHK P 



HMeeT KoopAHHaibi (fe, rj). 


Phc. 3.2. 


ToPAa 



a (cos E 


8 ), 11 


b sin E 


a 


Vi 


8^ sin E, 


( 17 ) 


npHBeAeM eiue (|)opMy;ibi a-hh KOMnonenT BCKTopa CKOpocTH: 


Vr 


dr 


dt 


n 


dr 


V 


n 


r 


dt 


rn 


dd 

dM 


(18) 


nojIbSyHCb 3THMH (bopMyjiaMH, MO)KHO HaHTH nDHdjlHHteH- 


Hbie qwpMyjibi p^jin d)yHKU,HH ti, Vr, npH MaJiux e; 



a [cos M 


1 

2 


8 (3 


cos 2M) 1, 


(19) 


11 


a [sin M + ts sin 2M], 


( 20 ) 
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Vr ^ nae sin My ( 21 ) 

Vn ^ na {I + & cos M). (22) 

nojiyHCHHbie 4)opMyjibi nosBOJinioT jicpko cpaBHHXb hcko- 
Topbie xapaKTepHCTHKH abhxcchhh cnyxHHKa P no opdnxe 
MaJioro SKcueHTpHCHTeTa c xapaKTcpncTHKaMH neKOxoporo 
(J)HKXHBHoro cnyxHHKa, KOxopbiH ABHrajiCH 6bi no OKpyxcnocxn 

paAnyca a Bonpyr uenxpa 0 opdnxbi cnyxnnKa P n npnxoM 
HMCji 6bi xaKOH >Ke nepnoA odpamennH, Kan cnyxnnK P. 

SaAaHH 

1. FIJI a Hera c4)epHqecKOH CTpyKTypbi HMeeT pa^nyc R h rpaBHTauHOH- 
HbiH napaMeip K. HseecTHbi Bbicoxa HCKyccTBeHHoro cnyxHHKa stoh njia- 
neibi npH ero npoxo>KAeHHH nepea nepHueHxp (H^) h qepea anoueHTp (HJ 

H MOMeHT ero npoxo>KAeHHH qepea nepHuenip (4). OxHomeHHe 

—//J//? < 0,1. rioJiyqHxenpHdJiH^KeHHyK) (j)opMyjiy BbiHHCJieHHH 

Bbicoxbi cnyxHHKa b jik)6oh sa^aMBbiH MOMeHX BpeMeHH t. 

2. OxHocHxejibHo cnyxHHKa xoh tkq njianexhi HSBecxHbi h bm- 

coxa H b oahh MOMenx BpeMeHH t. B npeAnoJioxKeHHH, hxo oxHoineHHe 
{H ^ — H^/R MaJio, yKaxKHxe cnoco6 HaxoxKAeHHH MOMeHxa /q npV 

xoJKAeHHH cnyxHHKa nepea ero nepHUenxp. 

3. HaBecxHbi nepnoA T odpameHHH HCKyccxBeHHoro cnyxHHKa Somjih, 
MOMeHX tQ ero npoxoxKAeHHH nepea cboh nepnreH h Bbicoxa H b oahh MOMenx 
BpeMeHH t. OpdHxa mbjio oxJinqaexcH ox oKpy^KHOCXH. BbiHHCJiHxesKcueHxpH- 
cHxex op^HXbi. 

4. KocMHqecKHH KopadJib «Bocxok», na KoxopoM K). A. FarapHH 
coBepuiHJi nepBbiH b MHpe KocMHnecKHH noJiex BOKpyr Bomjih, cxapxoBaJi 

12 anpejiH 1961 roAa b 9 nacoB 07 MHHyx no MocKOBCKOMy BpeMeHH. Han- 
doJibuian Bbicoxa KopadJin naA noBepxHocxbio Bcmjih cocxaBJinjia 327 km, 
HaHMCHbiuaH — 181 KM. ByAeM cnnxaxb, nxo KopadJib npoiueji nepea nepn- 
reft B 9 nacoB 10 MHHyx (axa UH(j)pa, BoaMOXKHo, BecbMa CHJibHo oxJinnaexcH 
ox HcxHHHoro MOMCHxa npoxo^AGHHH Kopa^JiH nepea nepnreH). XopMoanoe 
ycxpOHCXBo 6biJio BKJHoneno b 10 nacoB 25 MHHyx no MocKOBCKOMy BpeMeHH. 
KaKOBbi 6biJiH B 3X0X MOMeHX HcxHHHan anoMaJiHH KopadJin h ero Bbicoxa 
HaA noBepxHocxbK) Bcmjih? 

5. /loKaxKHxe (j)opMyjibi (19) — (22). 

§ 5. OOPMVJIA JIAMBEPTA 

riycxb cnyxHHK coBepuiaex nepejiex no naBecxHon ajijinn- 
xnnecKOH hjih rHnep6ojiHnecKOH opdnxe. ByAOM cnnxaxb 
H3BecxHbiMH xjiaBHyK) nojiyocb opdnxbi a, SKCuenxpncnxex 
opdnxbi e, rpaBHxaunoHHbin napaMexp npnxHPHBaiouiero 

uenxpa K- 
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§ 5 ] 

EcJIH H3BeCTHbI paCCTOHHHH OT KOHUOB AyrH Op6HTbI 

cnyTHHKa ao npHTHPHBaioiAero uenipa h A«^HHa xopAbi, coe- 

AHKHIOIUeft 3TR KOHUbI, TO, OKa3bIBaeTCH, MOHCHO BbIHHCJIHTb, 

CKOJibKO BpeMCHH 3aHMeT nepeJiCT cnyTHHKa no stoh Ayre. 

TaKyK) B03M0HCH0CTb A«nH sjuiKHTHHCCKOH HJiH rHnep6ojiHHe- 

CKOH op6HTbi AacT (J)opMyjia, nojiynennaH 200 jict TOMy naaaA 



Phc. 3.3. Phc. 3.4. 


(b 1761 roAy) uiBCHuapcKHM MaTCMaTHKOM Hoch4)om JIaM6ep- 

TOM. PaajiHHHbie AOKaaaTCJibCTBa stoh (Jx^pMyjibi asjih 

yK- JIarpaHHC (ncTbipe AOKaaaTejibCTBa), A. Ksjih, ZIhc. Ghjib- 

BCCTp H AP- 

ZtaAHM 3Aecb bhboa 3toh dpopuyjiUy npHHaA.ne}KamHH Jla- 

rpaHHcy. PaccyncAenHH npoBCACM OAHOBpeMenno a-hh sjiJiHn- 
THHCCKoro H PHnepOojiHHecKoro abhhcchhh. 

06o3HaHHM nepea h 4 (^1 4) MOMcnTbi npoxoxcAenHH 

cnyTHHKa nepea tohkh Pi h P2» ^epea h — paccTOHHHH 

3THX TOHCK OT npHTHTHBaiOmcrO UCHTpa A, HCpca S — A«nHHy 
XOpAbI ^1^2* 

4To6bi H36eHcaTb B AaJibHeHUieM rpoMoaAKoro hccjicaobb- 

HHH, npHMCM CJICAyiOmHC AOnOJIHHTCAbHbie OrpaHHHCHHH: 

1) B cjiynae ojuikhthhcckoh op6HTbi 6yAeM nojiaraTb, hto 

cnyTHHK npoxoAHT Ayry PiP^ nocjie momchtb 4 npoxoHCAenHH 

/ 

Hcpea nepHUCHTp, ho ao OjiHjKaHUiero nocjie 4 momchtb 4 npo- 
xoH^AeHHH nepea anoucHTp (pHC. 3.3); 

2) B cjiynae rHnepOojiHnecKoft op6HTbi 6yAeM nojiaraTb, hto 

cnyTHHK npoxoAHT Ayry P 1 P 2 nocjie npoxoncAOHHH nepea 

nepHUCHTp (phc. 3.4). 


I 
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[PJI. Ill 


06o3Ha^HM Hepes h Z 2 SKCueHipH^ecKHe anoMajiHH to- 

qeK Pi H ^2- 

HanoMHHM, HTO B cjiy^ae ajiJiHnca Zi h Z 2 — BemecTBen- 
Hbie ^HCJia (BMecTO Zi h Z 2 o6biHHO nHUiyx topab h £' 2)1 

B cjiy^ae rHnep6ojibi Zi h Z 2 — hhcto mkhmeic HHCJia (Zi = 

Z2 = iH^. B CHJiy AonojiHHxejibHbix orpaHH^eHHH 1) h 2) 6y- 

AeM HMexb cooxBexcxBeHHO B cjiy^ae sjiJiHnca 

0<Zi<Z2<Jt (1) 

H B cjiy^ae rHnep6ojibi 

0 ^ Im Zi Im Z2. (2) 

Ecjih /q — momckx npoxoHCAGHHH cnyxHHKa ^epea nepHuenxp, 
xo B cHjiy ypaBHCHHH Kenjiepa 

r 

n (/i — ~ — & sin Zj, n (4 — 4) = ^2 •” ® sin Z 2 , 


oxKyAa 


n {t 


^ 1 ) — -^2 


8 (sin Z 2 


sin Zi), 


HJIH 


n (t. 


ti) 


Z. 


Zi 


28 sin 


^2 


— Zi Zi Z 2 
2 2 


(3) 


OoKaHceM, HTO npaByK) qacxb nocjieAHefi (J)opMyjibi mohcho 
B bipasHXb qepea a-^hkh xpex oxpesKOB: ri, r2, s. 

BcePAa mohcho noAo6paxb hhcjio h xax, qxo6bi hmcjig mccxo 

P aBCHCXBO 


8 cos 


Zi+Z 


cos A. 


(4) 


Mbi, CBcpx xoro, noxpe6yeM b cAy^ae SAAHnxH^ecKoro abhjkc- 
HHH, qxo6bi h 6biAO 3aKAK)HeHO M^HCAy HyACM H n: 


0 


h^n. 


(5) 


A B cAyqae rHnep6oAH^ecKoro abhhcchhh noxpedycM, qxo6bi h 


6biAO qncxo mkhmum mhcaom (Re h 


0) H qxo6bi 


Im h 


0 . 


( 6 ) 


TaKHM Bbi6opoM qncjio h onpeAejiflexcH OAHosHaHHO. KpOMe 


TOrO, nOJIOHCHM 




1 


Zi 


2 


(7) 
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Ha npHHHToro Bbime AonojiHHTejibHoro orpaHHHenHH 1) bha- 

HO, HTO B CJiynae SJIJIHHTHHeCKOH Op6HTbI 

0 < < Jt/2. (8) 

A H3 orpaHHHeHHH 2) HCHO, HTO B cjiyHae rHnep6ojiHHecKOH 

Op6HTbI 

Re g- = 0, Im g > 0. (9) 

HpHBJieKan BcnoMoraxeJibHbie nepeMeHHbie g h A, nepenn- 

uieM 4)opMyjiy (3) tbk: 

n (4 — ^i) = 2g — 2 sin g cos A = 

== 2g — [sin {h + g) — sin {h — g)]. (10) 

BBCAeM HOBbie BcnoMoraxeJibHbie BejiHHHHbi h ^2 no 
(J)opMyjiaM 

^1 = A + g, ^2 “ ^ ““S’* (11) 

Tenepb Mbi 4)opMyjiy (3) npHBCAeM k cjieAyiomeMy BHAy: 

n (4 — ^ 1 ) = (^1 — sin ^ 1 ) — (^2 “ sin ^ 2 )* (12) 


riOKanceM, KaKHM oOpaaOM MOHCHO BbIHHCJIHXb H ^ 2 » H3- 

BecxHbi /*!, r 2 , s, a, e, /C. CorjiacHO (3.2.4) 


riosxoMy 


ri = a (1 


e cos Zj), r 


a (1 


8 cos Z 2 ). 


/*! + r 


2a 


2a (1 


Zi Z 2 Zj — 

8 COS —^^" 2 —^ cos —— 2 
cos g cos h ), 


Z 


oxKyAa 


cos g cos h 


ri + r 


KpoMe xoro, 

(PA)^ 


2a * 


(13) 


(a cos Z 


a cos ZiY + (b sin Z 


4a^ sin^^ 


^1 ^2 ^^2 gjj ^2 ^2 


2 


sin 


2 


b sinZi) 


2 


X 


+ (1 


X cos^ 

en cos2 t 


4a^ sin^ S’ sin^ ^ + 


2 


4a^ sin^ g 


cos^ 


Zi + Z 
2 


4a^ sinks’ (1 


cos^ h) 


4a^ sin^ sin* h 
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OxcioAa 

2 a sin g* sin A = + s. ( 14 ) 

BbiHCHHM 3HaK B npaBOH HacTH nocjieAHeft (Jx)pMyjibi. 

OoKaHceM, HTO ecjiH BbinojiHHioTCH AonojiHHxejibHbie orpa- 

1 ) HJiH 2 ), xo a sing sin A > 0 . 

OycxbB cjiy^ae sjijiHnxH^ecKOH op 6 HXbi BbinojinnexcHorpa- 

HHHeHHe 1 ). ToxAa a > 0 h h 3 ( 5 ) h ( 8 ) bhaho, hto 

sin A > 0 , sin g > 0 , sin g sin A > 0 . 

Ecjih 7 Ke op 6 Hxa — rnnepdojia, xo a 0 ; KpoMe xoro, mo>k- 

HO, B CHJiy (J)opMyji ( 6 ) h ( 9 ), nepenncaxb g k h b bhao 

g ^ ig\ h == ih\ 

PAe g' B. h' — HeoxpnuaxejibHbie HHCJia, xaK hto sh g' > 0 

H sh /i' > 0 . rioaxoMy a sin g sin A a t sh g' i sh h' = 
= — a sh g' sh /i' > 0 . TaKHM o 6 pa 30 M, a sin g sin A > 0 , h 

nosxoMy h 3 (J)opMyjibi ( 14 ) cjieAyex, bto 2 a sin g sin A = + s, 


sing sin h = 




BbiHHxan H CKJiaAbiBan noqjienHO ( 13 ) h ( 15 ) h yqHXbiBan ( 11 ), 

HaHA^M: 


cos = 1 
cos ^2 — 1 


2 a 

+ ^2 — s 

2 a 


( 16 ) 

( 17 ) 


Ho cyiuecxByex 6ecKOHeqHO mhopo qnceji h ^ 2» yAOBJiex 


BopHiomnx nocjiCAHHM ycjiOBHHM. KaK me 


yex Bbi6p 


X 


X2 B xex cjiy^anx 

)Hbie OPpaHHHCHHH 


AOJDKHbl BbinOJIHHXbCH 

2 )? npHBeACM (6e3 ao- 


Bonpoc 



B cjiy^ae dAAunmuHecKoao abhhcchhh cjiCAyex HHCJia K 

Xb H3 HHXepBaJia 


2 



0 < ^1 0 < ^2 <C ( 18 ) 

ToPAa 4)opMyjiaMH (16) — (18) Bbi6op hhccji h ^2 onpcAC- 

JIHCXCH OAH03Ha^HO. 
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B cjiyqae aunepdoAmecKOu op6HTbi cjie;i,yeT bshtb HHCJia 

H ^2 TaK, qTo6bi 


Im > 0 H Im >i2 > 0 . 



OopMyjiaMH ( 16 ), ( 17 ), ( 19 ) Bbi6op hhccji h tojke onpe- 


AejinexcH OAHoanaMHO. 


TaKHM o6pa30M, MbI BHAHM, HTO epcMH —^1, KOmO‘ 


poe nompedyemcR cnymnuKy Oar nepeAema no dyae PiP^ sa- 
AunmuHecKOu uau aunepdoAUHecKou op 6 umbi, onpedeARemcR no 
(popmyAe Jlamdepma: 






— sin ^2)1, 


ade u ^.2 ~~ f<'0pHU ypaenenuu: 


cos Xi 
cos ^2 



B dmux (popMyAax u — paccmoRHUR om Konyoe dyau do 
npumRaueatoiyeao t^ennipa, s — dAuna xopdu P1P2, cl -aAoe- 
HOR noAyocb opdumbL (a ^0 e cAynae SAAunca u a 0 e 
cAynae aunepdoAu). Ecau op 6 uma aAAunmmecKaR a cnymnuK 

npoxodum dyay P 1 P 2 nocAe npoxoMdenuR nepes neputieump 
a do dAUotcauiueao npoxoofcdenuR nepes anot{eHmp, mo CAedyem 
6pamb u X 2 ceaMeuma [ 0 , jx]; ecAu opduma aunepdoAme- 

CKOR a cnymnuK npoxodum dyay P1P2 nocAe npoxoofcdenuR 
napes nepuqenmp, mo CAedyem donoAHumeAbno nompedoeamb, 

Hmodbi eunoAHRAOCb ycAoeue: 


Im > 0 H Im ^2 ^ 0 * 


SaMeqaHHC 1 . B cjiynae rHnep 6 ojiHHecKoro abhjkc- 

hhh yAo6HO nepcHTH k BeiAecTBCHHbiM rHnep6ojiHHecKHM (jDyHK- 


Uhhm, nojiaran b (12) 


iX^y X 


2 


r 

iX H npHpaBHHBan mo- 


AyjiH o 6 eHX qacTCH paBCHCTBa ( 12 ); (J)opMyjia JlcMdepia npH- 

HHMaCT TOPAa BHA 
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[FJI. Ill 

FAe n MO}KHO BbiHHCJiHXb DO (|)opMyjie 




(21) 

^HCJia H 

^2 AOJiHCHbi yAOBJiexBopnxb ypaBHOHHHM 



chX.=.l+ , 

(22) 


. , , ri + ra — s 

ch ^2 = 1 + --• 

2 a 

(23) 


Ecjih cnyxHHK npoxoAHX Ayry PiP^ nocjie npoxoHCAeHHH qepea 

nepHuenxp, xo cjieAyex 6paxb >0, ^2 ^ 0. 

SaMe^aHHe 2. OopMyjia JlaM6epxa (12) ocxaexcn 
B CHJie npH jik)6om pacnojiOHceHHH xo^ex P^ h P2 ^a op6Hxe 
cnyxHHKa, ho a-^h npaBHJibHoro Bbi6opa HHceji h ^2 cpeAH 
Kopneft ypaBHeHHH (16) h (17) xpe6yexcH npoBecxH b kbjkaom 
cjiynae cneuHaJibHoe HCCJieAOBaHHe. 

fljiH cJiynaH sjiJiHnxHHecKoft op6HXbi xaKoe HCCJieAOBaHHe 
6bijio BnepBbie BbinojineHO okojio 100 Jiex xoMy HasaA H3Becx- 

HblM aHXJIHHCKHM MaXCMaXHKOM A. Ks^H. PesyjIbXaXbl 3 X 0 X 0 

HCCJieAOBaHHH npHBGAeHbi b xaOjiHue 1. B xaOjiHue 1 hc- 

nojib30BaHbi cjicAyioiUHe o6o3HaHeHHH: h ^ 2““HaHMeHb- 

uiHe nojiOHCHxejibHbie yxjibi, yAOBJiexBopniomHe ycJiOBHHM (16) 

H (17); A -~4^0KyC, B KOXOpOM HaXOAHXCH npHXHFHBaiOmHH 

ueHxp; 7^ — «nycxoH» (J)OKyc («aHXH4)OKyc»); 5 — cexMenx, 
orpaHHHeHHbiH xopAoft P1P2 h Ayroft PiP^y onHcaHHoft cnyx- 

HHKOM MenCAy MOMCHXaMH H 4- 

SaMenaHHe 3. OopMyjia, anaJioxHHHaH (J)opMyjie JlaM- 
Oepxa, 6bijia HaftAena a-^^ cjiynan napadoAunecKOu opOnxbi 
HbioxoHOM (1687 r.) h, neaaBHCHMO ox Hero, SftjiepoM (1743 r.). 
CoxjiacHO (J)opMyjie Hbioxona — Sftjiepa BpeMH nepejiexa 

^2 — no Ayre P1P2 napaOojiHnecKoft opOnxbi BbipancaexcH 
cjieAyioiAHM o6pa30M nepea napaMexp opOnxbi p, paccxoHHHe s 

MCHCAy KOHUaMH XOpAbI H paCCXOHHHH H KOHUOB AyrH ox 

npHXHFHBaiomero uenxpa: 

4 - [ (r, + r, + ± {r, + r, - (24) 
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TadjiHua 1 


Bo3MO»Hbie 
cjiyMaH; 
cerMeHT 5 


He co;iep>KHT 

HH /4, HH F 


co;iep>KHT 

w Ay n F 


co;;ep>KHT 
TOJIbKO Ay HO He F 


COAep>KHT 
TOJIbKO F, HO He A 


MepTe>K 




KaKHe qHCjia cjie;;yeT 
noAcraBHTb b 4)opMy- 
jiy ,TaM6epTa bmccto 





X 2 


2tc 


Xi 


I 


A.1 


^2 


2jt 




I 


SnaK njiKDC 6epeTCH, ecjiH thk HasbiBaeMan «yrjiOBaH AaJib- 

HOCTb» utyKjxy ToqKaMH u (to ecTb pasHOCTb 02 — 0i 
Men^Ay HX HCTHHHbIMH aHOMaJIHHMH) 6ojihuie 180°, MHHyC 

ecjiH 3Ta BejiHqHHa MeHbme 180°. OopMyjia HbiOTOHa — Sftjie 

pa MOHcex 6biTb nojiyqena m (|)opMyjibi JlaMdepxa nyxeM npe 


nepexoAa, KorAa a 


00 



M. B. BajiK 
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Sa^aHH 

1. KocMH^ecKan panera coeepiuaeT nepe^nex c opdHTbi SeivuiH k op- 
6me Mapca (C — HaqaJio nepejiera, D — kohcu; cm. pHc. 3 . 5 ), npHxoM 
Ha xaKHx paccxoHHHHx ox ScMJiH H Mapca, hxo mo>kho npeHe6peHb npHXH- 

>KeHHeM 3XHX HJiaHCX H yHHXbieaXb XOJIbKO XHTOXeHHe paKCXbl K CoJIHUy. 

PaccxoHHHH nepHrejiHH h a4)ejiHH opdHXbi ox (ueHxpa) CoJiHua paeHbi coox- 

eexcxBCHHo 120 - 10 ® km h 240 - 10 ® km. HasecxHo, hxo SC = 150 - 10 ® km, 
SD = 228 - 10 ® KM. CKOJibKo BpcMCHH AO‘n>KeH saHHXb 3 XOX nepcjiex? 



Phc. 3.5. 


2. KoCMHHeCKHH CHBpH;; nOJiyMHJI B XOMKC C b6jIH3H OpdHXbl SeMJIH 

Ha paccxoHHHH 150*10® km ox uenxpa CoJiHua cKopocxb (oxHocHxejibHo 
CoJiHua) 50 KMiceK. Hepes HCKoxopoe BpcMH oh j^ocxhthcx opoHXbi lOnHxepa 
(oKa>KexcH B xoHKe D na paccxoHHHH 800-10® km ox CoJiHua), npHMCM 
Z.CSD =90°. CKOJIbKO BpCMCHH J^OJIXKCH SaHHXb 3X0X HCpeJICX? nojiex 
coBepLuaexcH b xbkhx ycjioBHHx, hxo mo>kho ynHXbmaxb jihlub xhtoxchhc 
CHapHAS K CoJiHuy. 

3. KocMOJiex coBepLuaex nepejiex c op^HXbi Scmjih k op^Hxe Mapca. 
B xoHKc C Ha acMHOH opOnxe cKopocxb KocMOJiexa oxHOCHxejibHo CoJiHua 
cocxaBJiHJia 42,1 KMiceK. ToHKa D, nepea Koxopyio jxoJimen npoHXH kocmo- 
jiex H Koxopan naxoAHxcH na op6Hxe Mapca, BbidHpaexcH xaKHM odpaaoM, 
Mxodbi CSD ~ 60°. Ycjiobhh nepejiexa xaKOBbi, hxo mo>kho npene- 

OpeHb XHTOXCHHCM ScM.TH H MapCa. CKOJIbKO BpCMCHH AOJI^KCH SaHHXb 

xaKOH nepejiex? 

4. BbiBCAHxe (jiopMyjiy Hbioxona — Sftjiepa (24), HcnoJibsyn (jiopMyJibi 
napaOoJiHHccKoro ABH>KeHHH. 



rjlABA IV 


TPAEKTOPHJI CnVTHHKA 
B TPEXMEPHOM OPOCTPAHCTBE 


§ 1. aJlEMEHTbl OPBMTbl 

1. B npeAbi;i,ymeH rjiaBe nac HHTepecoBajio, kbk 6yAeT 
MeHHTbCH c TeneHHeM BpeMeHH nojiOHceHHe cnyxHHKa b riAOc- 
Kocmu eao op6utnbi. fljin stoh uejih b njiocKOCTH op6HTbi Bbi6H- 
pajiacb onpeAejieHHan CHCxeMa KOopAHHax (HanpHMep, no- 
jiHpnaH CHCxeMa KOopAHHax c nojiiocoM b npHXHXHBaioiAeM 
ueHxpe A u c nojinpHoft ocbK) AU , HanpaBJieHHOft b nepHuenxp 

op6HXbi 77, HJiH npHMoyrojibHaH cHcxeMa KOopAHHax c na^a- 
jiOM B npHXHXHBaioiAeM ueHxpe h c ocbio a6cuHcc>l/7). BxaKoft 

CHCxeMe oxcqexa Mbi nay^HJincb naxoAHXb nojio>KeHHe (Koop- 
AHHaxbi) cnyxHHKa b jik)6oh momehx BpeMeHH. OAHaKO na 

npaKXHKe nacxo BOSHHKaex neodxoAHMOcxb paccMaxpHBaxb 

ABHH^eHHe cnyxHHKa b ApyrHX cHCxeMax oxcnexa, koxo- 

pbix HJIOCKOCXb Op6HXbI He HBJIHeXCH KOOpAHHaXHOH HJIOC- 

KOcxbK). HanpHMep, npn HCCJieAOBaHHH ABHHcenHH Hcnyccx- 

BeHHblX CnyXHHKOB SeMJIH o6bIHHO 3a OAHy H3 KOOpAHHaXHbIX 

HjiocKOcxefi npHHHMaiox HJIOCKOCXb 3eMHoro SKBaxopa; npn 
H3yHeHHH abhhcchhh MeH^HJianexHbix kocmhhcckhx Kopa6jieH 
Bbi6HpaK)x B KanecxBe oahoh h 3 KoopAHHaxHUX njiocKOcxeft 

HJIOCKOCXb SKJIHHXHKH (HJIOCKOCXb, B KOXOpOH SCMJIH ABHJKCXCH 

BOKpyr CojiHua). 

riycxb Bbi6paHa HCKOxopan npHMoyrojibHan npaBOopHenxH- 
poBaHHan CHCxeMa oxcnexa Axyz c HanaJiOM b npHxnrHBaiomeM 

UCHXpe A H OCHMH, HMCIOIAHMH HeH3MeHHyK) OpHCHXaUHK) B 

npocxpancxBe (pHC. 4.1). Opxbi (cAHHHHHbie BCKXopbi) oceft 
Ax , Ay , Az o6o3HaHHM cooxbcxcxbchho nepea i , j , k . Ztjin npoc- 

xoxbi 6yAeM nojiaraxb, qxo op6Hxa cnyxHHKa He npHMOJiHHeft- 
Han H He KpyroBan. 

Hac cennac HHxepecyex: KaKHM o6pa30M mohcho npeA- 
CKaaaxb nojioxceHHe cnyxHHKa (xo ecxb ero KOopAHHaxbi 
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B HsSpaHHOH cHCTeMe OTC^exa) b jiioSoh nanepeA saAaHHbift 

MOMCHT BpeMCHH t'> 

J^BUTKenm cnyxHHKa onHCbmaexcH xpeMH AH(|x|)epeHUHaJib- 
HblMH ypaBHeHHHMH BXOpOPO OOpHAKa (2. 1 .9) *). riopHAOK 3 X 0 H 
CHCxeMbi paBCH mecxH. HsBecxHO, ^TO m xaKOH cHcxeMbi hcko- 

Mbie BejIH^HHbl {x, tj, z) Bblpa^aiOXCH B BHAG (J)yHKUHH ox He- 

saBHCHMoro nepeMCHHoro t h mecxH npoHSBOJibHbix nocxonn- 
Hbix. CjieAOBaxejibHO, ABH^KeHHe cnyxHHKa nojiHocxbio onpe- 
A^JinexcH saAaHHeM mecxH KOHcxaHx. Bbi 6 op sxhx mecxH koh- 
cxanx MO^ex 6 bixb BbinojiHen paajiHqnbiMH cnoco 6 aMH. 



Phc. 4.1. 


ZlBHx^eHHe cnyxHHKa nojinocxbio onpeAejinexcn nojio^e- 
HHOM njiocKOCXH opo op6Hxbi B npocxpaHcxBe (xo ecxb noJiojKe- 

HHOM 3X0H njIOCKOCXH OXHOCHXeJIbHO Bbl6paHHOH CHCXeMbI 

KOOpAHHax); (f)opMOH H pasMepaMH opSnxbi; nojiox^eHHeM op- 

6 HXbI B nJIOCKOCXH A&HJKeHHH*, MOMeHXOM npoxo^A^HHH cnyx- 

HHKa qepea ero nepHueHxp (hjih qepea Kaxyio-jiHSo Apyryio, 

BnojiHe onpeAejieHHyK) xo^xy op6HXbi). 

4xo6bI HMexb BCK) HH(J)OpMaUHK) 0 nOJIOX^eHHH H (J)OpMe 
op6HXbi, AOcxaxo^HO anaxb jiHuib abo BeKxopHbie KOHCxaHXbi: 
BeKxopHyio KOHCxaHxy njiomaAeft a h Bexxop Jianjiaca X. 

AeftcxBHxeJibHO, B § 3 rjiaBbi II 6biJio noxasaHO, qxo Bexxop 

a opxoroHajieH nJiocKOCXH opSHXbi; no3xoMy BOKxop a onpe- 
Aejinex nojiojKenHe 3 xoh hjidckocxh. Ecjih BOKxop a HMeex 

*) rpaBHxauHOHHbiH napaMCTp K cqHxaeM nssecTHbiM. 
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§ n 

KOMnoHeHTbi ^2, ^3, TO ypaBHeHHe stoh njiocKOcxH sanHCbi- 

BaeTCH B BH^e 

G^X + G^y + G^Z = 0. (1) 

OoKaJibHbiH napaMexp p h SKCueHxpHCHxex op6HXbi e mo^ho 
B bi^HCJiHXb no (f)opMyjiaM H3 § 5 rjiaBbi II: 

p = gVK, e - V/C, (2) 

O' H A- — ;^jiHHbi BOKxopOB a ii A. BeKxop A nanpaBJien 

BAOJib jiHHHH ancHA opSnxbi; xaKHM o6pa30M, axox BOKxop 
onpeAejinex nojio^enne caMoft op6HXbi b ee njiocKOcxn. Bok- 
xopbi a H A MO^HO 3aAaxb hx KOMnoHenxaMH o^, 

(k = 1,2, 3). O^naKO, KaK mh ycxanoBHJiH b §4 rjiaBbi II, 

BeKxopbi a H A B3aHMHO nepneHAHKyjiHpHbi, xo ecxb ueyKj^y 
mecxbK) nncJiaMH g^, A^ HMeex Mecxo aaBHCHMOcxb 

OiAi + a2A2 + O3A3 = 0. (3) 

rioaxoMy cpe;^H axnx nnceji o^, Xk {k = 1,2, 3) xojibko nnxb 

Moryx 6biTb, BOo6me roBOpn, aa^anbi npOH3BOJibHO. 

Ecjih aa^anbi axn nnxb BejinnHH h momokt /q npoxo^A^Hnn 
cnyxHHKa nepea nepHuenxp, xo noJio}KeHHe cnyxnnKa b njioc- 
KOcxH ero opSnxbi b jik)6oh momcht BpeMenn t mox^ho HaftxH 
no 4)opMyjiaM rjiaBbi III. TaKHM oSpaaoM, ABH^^enne cnyxHHKa 
oxHOCHxejibHO npHTHEMBaiouiero uenxpa c AannbiM rpaBHxa- 
HHOHHbiM napaMexpOM K nojinocxbio onpeAejinexcn mecxbK) 

BeJIHHHHaMH: 

1) nnxbK) HHCJiaMH h 3 mecxH: o^, O2, O3, A^, A2, A3; 

2) HHCJIOM 

TaKHC mecxb bcjihhhh, Koxopbie nosBOjiniox oAHoananHO 
onpCAejiHXb nojiojKCHHe cnyxnnKa b jiioSoh momchx bpcmchh, 
nasbiBaiox dAeMenmaMU opSumbi cnymnuKa. Mbi cennac pac- 
CMOxpejiH OAHH cnoco6 BbiSopa mecxH ojicmchtob opSHXbi. 

O^naKO cyu;ecxByex h mhoxo ;^pyrHX cnocoSoB. 

2. B acxpOHOMHH sjieMenxbi opSHXbi oSbinno Bbi6HpaK)xcH 

cjiCAyiou^HM oSpaaoM (pnc. 4.2). 

Ecjih njiocKocxb op6HXbi cnyxHHKa ne coBnaAaex c nJioc- 
KocxbK) Axy, to 3XH nJiocKOcxH nepeccKaioxcH no HCKOxopOH 
npHMOH /, Koxopyio HasbiBaiox AUHueu ysAoe opSnxbi oxhoch- 
xejibHo Bbi6paHHOH cHcxcMbi oxcnexa. Ha axoft npHMoft jien^ax 
XOHKH nepeceneHHH opSnxbi c njiocKOcxbio Axy, naabiBaeMbie 

ySAUMU Op6HXbI. npH npOXOH^AGHHH HCpeS OAHH H3 ySJIOB 
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cnyxHHK nepexoAHT h 3 o 6 jiacTH oxpHuaxeJibHbix annjiHKax 
{z<^0) B o 6 jiacxb nojio^HxejibHbix annJiHKax {z ^ 0), a npn 
npoxox^;^eHHH qepea Bxopoft yaeji — naoSopox. OepBbift h 3 
y3JioB Ha3biBaexc5i eocxodnmuM ysAom, Mbi ero 6 y;^eM 060 - 
3Ha^axb BxopoH y3eji Ha3biBaexc5i HucxodHiHfUM h o 6 o 3 Ha- 

qaexcH qepes t?. 



Phc. 4.2. 


B cjiyqae PHnepSojiH^ecKoro hjih napa6ojiHqecKoro abhjkc- 
HHH Mo^ex OKa3axbCH, qxo op6Hxa nepecenaex npHMyio / 
jiHUib B OAHOH xoqKe, nanpHMep cymecxByex jiHuib bocxoah- 
iilHH y3eji a HHCXOAnmero Hex. B xaKOM cjiyqae moh^ho c^h- 
xaxb, qxo HHCXOAnmHH yaeji HaxoAHxcH b 6ecKOHeqHOcxH 
Ha jiy^e B /^ajibneHmeM jihhhk) yajiOB Mbi Sy^eivi paccMax- 
pHBaxb KaK HanpaeAennyto npHMyio (ocb); nojio^KHxejibHbiM 
HanpaBJieHHeM na jihhhh y3TOB 6yj\eM cqHxaxb nanpaBjieHHe 
ox npHXHPHBaioiiiero uenxpa A k BOcxo^HmeMy y3jiy. 

Yroji Men^Ay nojiOH^HxejibHbiM HanpaBJieHHeM och Ax h 

nojiojKHxeJibHbiM HanpaBJieHHeM jihhhh yajiOB HaabiBaexcn 
doAaomou eocxodnLyeeo y3Aa\ o6o3HanHM ero 6yKBOH ^ — xan 
}Ke, KaK H caM bocxoahuihh yaeji. BejiHHHHy ^ tyjxtu oxcnn- 
xbiBaxb Bcer^a b npe^ejiax uemjxy 0 h 2jt: 


0 ^ SI 2n. 
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§ n 

nOCXpOHM eAHHH^HblH BCKTOp V, 06jiaAaK)mHH CJIC^yK)- 

UXHMH cBOHCTBaMH: 1) ero Ha^ajiOM cjiy^Hx xo^Ka A; 2) oh 

nepneHAHKyjinpeH k hjiockocxh op6HXbi; 3) hs ero KOHua abh- 

}KeHHe cnyxHHKa npe^cxaBJinexcn npoHCXOAHUiHM npoxHB 
qacoBOH cxpejiKH. TaKOH BCKxop v 6yAeM nasbiBaxb op mom 

eneuiHeu HOpMUAU k hjiockocxh op6HXbi (pHc. 4.2). Benxop v 
BHOJine xapaKxepHsyex nojio^KeHHe hjiockocxh op6HXbi b npo- 
cxpaHCXBe. Yroji t Meyajxy ocbio annjiHKax Az n BCKxopOM v 
HasbiBaexcH HaKAOHenueM opdambi. BejiHHHHy t ^yjxeu oxchh- 
xbiBaxb Bcer^a ox 0 ao jt (0 ^ T ^ jt). 

JlerKO ySeAHXbCH b xom, hxo HaKJiOHeHne y paBHO yrjiy 
Men^Ay HJiocKOcxbio Axy n njiocKOcxbio op6HXbi. 

JXBa HHCJia H T BHOJine onpeAejiHiox nojiojKenne njioc- 

KOCXH Op6HXbI *). 

SKCueHxpHCHxex e op6Hxbi Bnojine xapaKxepnayex ee (pop- 
My, xo ecxb onpeACjinex ee c xoHHOcxbio ao nOAo6Horo npeo6- 
paaoBaHHH. JXn^i xoro HxoSbi eme saAaxb pasmepbi opdnxbi, 

AOcxaxoHHO yKaaaxb napaMexp op6HXbi p hjih ApyroH KaKOH- 
jih6o jiHHeHHbiH sjieMeHx, HanpHMep nepHuenxpaAbHoe pac- 
cxoHHHe r- HJIH — B cjiynae sjuinnca h rnnepSojibi — rjiaB- 

Hyio nojiyocb a. HxaK, a-^h onpeACJienHH pa3MepOB h (JiopMbi 

op6HXbi AOcxaxOHHO saAaxb napy HHceji e h p (hjih e h !a|, 
ecjiH op6Hxa — ne napa6oJia) hjih, HaKoneu, jiio6yK) napy h 3 
HHceji a, b, c, p, r-, e, h, 

3aAaHH5i noAOMenuK op6HXbi b ee riAOCKOcmu xenepb 
AOcxaxoHHO yKa3axb nojiojKenne jiyna AH, nanpaBjieHHoro 
K nepHuenxpy. 

Yroji (0 Me^KAy JiHHHen y3JiOBi4S^ h jiHHHen ancHA AH na- 
3biBaexcH apeyMenmoM nepui^ennipa hjih yrjiOBbiM paccxon- 
HHeM nepnuenxpa ox yajia. Tonnee, apryMenxoM nepHuenxpa 

HaabiBaexcH yroji (o, na KOxopbiH cjieAyex noBepnyxb npoxHB 
nacoBOH cxpejiKH (c xohkh apeHHn naSjiioAaxejiH, pacnojiO}KeH- 
Horo B KOHue BeKxopa v) Jiyn AU a*^^ xoro, nxoSbi oh cobmo- 
cxHjiCH c jiynoM AH. Ecjih yroji (o bbabh, xo OAHoananHO onpe- 

Aejinexcn nojiojKenne jiyna All. Yroji (o ycJioBHMcn BcerAa 

oxcHHXbiBaxb B npeACJiax ox 0 ao 2jt (0 ^ (o 2 jt). 

ByAeM eme cnnxaxb H3BecxHbiM xox MOMenx BpeMenn 

KorAa cnyxHHK npomeji nepea nepHuenxp 77. 

) HcKJiKDMeuHe cocTaBJiHCT TOT cJiyMaH, Kor;;a x — 0 Y = Jl. 

D 3TOM cjiyqae BejiHHHHa ^ TepneT cmhcji. 
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[PJl. IV 


Ha6op uiecTH ^Hce;i T> P> nosBOJiHex, khk mbi 

vbhahm HH}Ke, onpeAeJiHTb noJio>KeHHe cnyxHHKa b jiioooh 

MOM6HX Bp6M6HH t. B aCXpOHOMHH YlOJl 3 JI 0 M 0 HXaMH OpOHXbl 

cnyxHHKa o6bi^HO noHHMaiox hm0hho 3xy iLi0cx0pKy ^iiC0iJi* 


§ 2. OnPEflEJIEHME n0J10)KEHM^ CnVTHHKA 
no MSBECTHblM 3 J 1 EMEHTAM EfO OPBMTbl 


1 . PaccMOxpHM cji 0 /i,yK)iii,yK) BcnoMorax0jibHyK) 3a/i,a^y. 

riycxb HM0K)XC5I AB0 (npaBbl0) CHCX0MbI npHMOyPOJIbHblX 

;i,0KapxoBbix KOopABHax c o6mHM Ha^aJiOM A (pHC. 4.3). O^ny 

H3 3XHX CHCX0M Ha3OB0M 



Phc. 4.3. 


«cxapoH», APyryK) — «ho- 

BOH». riyCXb H3B0CXHbI 
KOOpAHHaXbl (Xc, Pc, ^c) 

xo^KH P (cnyxHHKa) b 
«cxapOH» CHCX0M0 oxcn0xa. 

HaHA^M KOOpAHHaXbl {Xu, 

pH, 2 h) toh me xoHKH b 

«HOBOH» CHCX0M0. 

06o3HanHM opxbi (0 Ah- 

HHnHbI0 B0KXOpbl) «CXa- 
pbix» OC0H KOOpAHHaX n0- 

p03 /c, Jc, key a OpXbl 
«HOBblX» OC0H KOOpAH- 


riax — n0p03 /h, Jhj kn- ToPAa 6 yA 0 M HM 0 Tb B 0 Kxopa AP: 



yMHO}KHB nOCJI0AH00 paB0HCXBO CKaJIHpHO Ha /h, HaHA^M! 


(^H * ^c) “f" (^H * jc) Pc (^H • fee) ^C* (2) 

AHajiorHnHbi0 (J)opMyjibi mojkho nanHcaxb Du 
ByACM Ha3biBaxb och i4A:c, i4pc, Az^ cooxb0xcxb0hho n0p- 

BOH, BXOPOH H Xp0Xb0H «CXapOH» OCbK). AHaJIOrHnHbI0 Ha3BaHHH 
HCnOJIb3y0M A*^^ «HOBbIX» OC0H. 06o3HanHM n0p03 ^pq yrOJI, 
06pa30BaHHblH «HOBOH» OCbK) HOMCp p CO «CXapOH» OCbK) HOM0p 

q {p, q = 1, 2, 3), a nepea ocpq— KOCHHyc 3xoro yrjia: 

apq = cos eppq. (3) 

TaK, HanpHMCp, 0^23 — 3 x 0 KOCHHyc yrjia, oSpaaoBannoro «ho- 

BOH» OCbK) Apn («HOBOH» OCbK) HOM0p 2) C OCbK) i42:c («CXapOH^' 
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ocbK) HOMep 3). OopMyjia (2) nepenHCbiBaexcH xenepb xan: 


X 


H 


AnajiorHHHO 


aji^c "4“ ^12^/c 4“ ^13^0* 


(4) 


^/h 


Z 


H 


^21-^C 

OC^lXc 


^22^/c 

^32^/c 


^23^C» 


^33^C* 


(5) 

( 6 ) 


OopMyjibi (4), (5), (6) MO^HO sanHcaxb b MaxpH^Hoft dx)pMe 




OCii 

0Ci2 

a 13 

Ur 


^21 

^22 

^23 



L*^31 

^32 

^33_ 


a: 


c 


l/c 


Z 


c 


(7) 


PaBencxBO (7) h ^aex pemenHe nocxaBJieHHOH Bbime aa^a^H. 

npeACxaBHM ce6e xenepb, ^xo aaxeM coBepmaexcH nepexoA 


iiJHe» KOOpAH: 

«HOBbie» KOOp 


KoopAHHax K «HOBeHmeH»; xor;^a «hob 
/ / / 

H, f/n, 2 h tohkh P BbipajKaiOTCfl wepes 

Xh, Hh, Zh c noMOiAbK) diopMyjibi 


O 



FAe 6 


pq 


KocHHyc yrjia Mex^;^y «HOBeHmeH» ocbio HOMep p 


H «HOB0H» OCbK) HOMep q {p, q = 1, 2, 3). 

Bboah cjieAyioiiiHe oSoanaHeHHH BCKxopOB h MaxpHu: 



Xc 


Xu 


Ki 

rc 

Uq 

> ^ H 

Ur 


Vr 


_^C_ 







^11 

^12 

a 13 


■Pu 

Pl 2 

Pl 3 

A = 

^21 

^22 

^23 

, B = 

P 21 

P 22 

P 23 


_^31 

^32 

^ 33 _ 


_p 31 

P 32 

P 33 _ 


aaoHmeM (J^opMyjibi (7) h (8) b bhao 

ru= A-tc, r; = B ruy 

Tan qxo 

r=B-(A-rc). ( 9 ) 
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Ho 


xaK KaK jxJi^ yMHO^eHHH MaxpHU sepen coqexaxejibHbift 


3aKOH, xo 


r 


H 




( 10 ) 


2. npHMeHHM xenepb nojiy^eHHbie (|)opMyjibi k peuienHio 

cjie/^yiomeH 3a;ia^H: snan dAeMennibi op6umbi cnymnuKa, naumu 

eao noAOMenue e MOMentn t omnocumeAbHo daHHOu cucmemi de- 
KapmoBbtx npHMoyaoAbHbix Koopdanam Axyz, 




omcHema 



Phc. 4.4. 


r, uMetoiyeu nmaAO 

e npumHaueafcmeM 

yenrupe A (pwc. 4.4). 

P accMOxp H M ecnoMoaa- 
meAbHyto CHCxeMy oxcqexa 
A^t}^ c Ha^ajiOM b npHxnxH- 
BaiomeM ixeHxpe (mbi ee na- 
30BeM opdumaAbHOu cHcxe- 
MOHoxcqexa): 3a ocb aScuHCC 

i4^ npHMeM jiHHHK) ancHA 

opOHXbi cnyxHHKa (nojio^H- 
xejibHoe HanpaBJieHHe —ox 

npHXHXHBaiomero ueHxpa A 
K nepHuenxpy 77); ocb op- 

HHHax i4r) nojiy^HM noBOpo- 


XOM OCH A 


B nJlOCKOCXH op- 


OHXbi Ha 90° B HanpaBJieHHH abhjkohhh cnyxHHKa; ocb annjiH- 

KaXi 4 C BbiOHpaexcH xaK, hxoOh CHCxeMa KOopAHHax A^y]Z 6 hi- 
Jia npaBOOpHenxHpOBaHHOH. 

riepexoA ox CHCxeMw oxcnexa Axyz k opOHxaJibHofi CHCxeMe 


oxcHexa A^iq^ mo^ho coBepuiHXb, ecjiH no;i,BeprHyxb cHcxeMy 

oxcnexa Axyz nocjie^OBaxejibHo xpeM cjie;^yK)ii;HM npeoSpaao- 

BaHHHM: 

noBOpoxy BOKpyr och Az ua yroji (b peayjibxaxe no- 

jiyHHM HOByK) CHCxeMy oxcqexa Ax^y^z^, npHHeM ^421 = Az)\ 

noBOpoxy Bonpyr och Ax^ na yroji t (nojiyHHM HOByio 

= Axi); ocb ^422 nep- 




CHCXCMy OXCHCXa Ax 2 y 2 Z 2 y npHHCM Ax 

ncHAHKyjiHpHa k hjiockocxh opOnxbi; 


2 



Aly]l] A^ 


noBOpoxy BOKpyr och Az2 na yroji co (nojiynHM CHCxcMy 


A Z 2 ). 


0603HaHHM MaXpHUbI 3XHX XpCX HOBOpOXOB COOXBCXCXBCHHO 


HCpea Ai, A 2 , As h hojioh^hm 


A 


As A 2 4i. 


( 11 ) 
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Tor^a 

“ y ~ A y • ( 12 ) 

JlerKO noHHTb, KaKHM o6pa30M mo>kho ocymecxBHXb o6pax- 

HbiH nepexoA ox CHCxeMbi oxcqexa /I k CHCxeMe Axyz. 

JXji^ 3X0H uejiH AOcxaxo^HO coBepiiJHXb nocjieAOBaxejibHO xpH 
noBOpoxa (xe ^e, ^TO paHbiue, ho b o6paxHOM nopH^Ke h b 

oSpaxHOM HanpaBJieHHH). 

06o3HaHaH MaxpHUbi sxhx nocjie^OBaxejibHbix noBOpoxoB 
cooxBexcxBeHHO qepea Bi, B^, nojiy^HM: 

== BiB^B^ T] HJiH, KOpoHe, y -= B rj , (13) 

TAe 

B = B^B^Bs. (14) 

HaHAOM xenepb HBHbie Bbipa^KeHHH jxjih MaxpHU Ak h Bk 

{k—\, 2, 3). HaHHCM c MaxpHUbMi-CocxaBHM xa6jiHuy yrjiOB 

cppg Me^KAy ocHMH CHCxeMbi ^4^1^12:1 H CHCxeMbi Axyz: 





( 15 ) 
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AnajiDPH^HO MO}KHO cocxaBHTb TaSjiHUbi yrjiOB ochmh 

H MaxpHUbi AByx ;^pyrHX noBOpoxoB: 


1 Axi 

Ayi 

Azi 

Axs 

0 

n 

2 

n 

2 

Ays 

Jt 

2 

• 

r 

n 

2-^ 

Azs 

Jt 

2 

n 

2 

r 





cosy siny 
siny cosy 


y 




Axs 

Ays 

Azs 


CO 

n 

2 ® 

n 

2 

Ar\ 

Jt 

y + co 

CO 

jt 

2 

A^ 

n 

2 

jt 

2 

0 

1 



cos CO sinco 0 
sin CO cQsco 0 
0 0 1 





SaMeHflH B MaxpHuax Ai, A 2 , As yrjiu y, w Ha — SI, 

— y, —(0, nojiyHHM MarpHUbi Bk, k— 1, 2, 3: 



cos S 

— sin 0 


"1 0 

0 ~ 

Bi = 

sin 9> 

0 

cos SI 0 

0 L 

> B 2 — 

0 cosy 
_0 sin y 

—sin y 

cos y_ 



cos CO 
sin (0 
0 


sin (0 0 

cos CO 0 

0 1 
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MaxpHUy B HHor/ia nasbiBaiOT Matnpui^eu npoeKtnueHbix Koacp- 
(pimuenmoe h aaoHCbiBaiOT b BH^e 


B 


Px 

Py 

P, 


Q. 
Q 
Q 


Rx 

Ry 

Rz 


(19) 


TaKHM oSpaaoM [cm. (19 ) h ( 14)], 


X 


0 

0 


cos T 
sin y 




Qx 

Rx 


cos SI 

— sin U 

0“ 

B = 

P y 

Qy 

Ry 


sin SI 

GOS SI 

0 



Qz 

Rz_ 


0 

0 



n 


0 

0 ■ 

“cos CO — 

- sir 


sin y 
cos T_ 


sin (0 
0 


IlepeMHOJKHB 3TH MaxpHUbi, nojiy^HMi 


X 


cos (0 
0 




(cos U cos (0 — 

—sinJ^sincocosT) 

(—cos ^ sin CO — 
—sin f^cosco cosy) 

sin sin y 

B= 

(sin U cos (0 + 

(—sin sin co + 

— cos J^siny 


+cosilsin(ocosT) 

+ COSf^COS(OCOST) 


_sin y sin co 

sin y cos co 

COS y 


Ha (13) H (20) cjic^yex, ^TO 


X 


Px Qx Rx 


1 

y 


Py Qy Ry 


T] 

_z _ 

• 


\_Pz Qz Rz_ 


_c_ 



BbiqHCjiHH MaxpHuy A no (J)opMyjiaM (11), (15) —(17), ne- 
xpy/lHO yOe^HXbcn b xom, nxo ona mojkcx 6bixb nojiynena h3 

Maxpnubi B xpaHcnoKHpoBaHHCM: 



Px Py Pz ~ 


1 


1 

N 

1 

X 

A = 

Qx Qy Qz 

9 

T] 

— 

Qx Qy Qz 

y 


_ Rx Ry Rz _ 


_ 

4 

_ Rx Ry R z 

_ z _ 


. (22) 
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TPAEKTOPH5I B TPEXMEPHOM EIPOCTPAHCTBE 


[PJl. IV 


OycTb HaM HseecTHbi iiiecTb sjieMeHXOB dAAunmuHecKOu 
op6HTbi cnyxHHKa 9:, T» gl, e, /q- Tor^a mo>kho npeACKa- 
saxb ero nojio>KeHHe b jiio6oh momerx BpeMCHH t, 

/],eHcxBHxejibHO, pemaH ypaBHeHHe Kenjiepa 

E — E sin E = n {t — 4), n = YK/cfy 

MbI MO>KeM AJIH MOMEHXa t HaHXH E. KpOME XOPO, 00 a H 8 npo- 

cxo BbiOHCJioexco b, a oMeoHo: b = aVT — 8^. nojio^eoHe 

cnyxHHKa b op6HxajibHOH cocxeMe oxcoexa onpe^ejiHexco 

BeKxopoM 

a (cos E — e) 
b sin E 

0 

4xo6bi nojiyoHXb xox tke BCKxop b cocxeMe oxcoexa Axyz, 
3xy MaxpHuy b cooxBexcxBOo c (J)opMyjioH (21) cjie^yex yMoo- 
}KHXb cJieBa oa Maxpouy npoeoxoBObix K03(})(})Hij;HeHX0B B: 

X ~ 

y = B 

z _ 

Hoaoe 3xy (})0pMyjiy sanocbiBaiox xaK: 







CoBepuieoHo aoaJiorooHao (JiopMyjia Bepoa o b c/iyoae eunep- 
6oAUHecKoeo ABOJKeooo. Hxo6bi ee nojiyooxb, Aocxaxoooo B(J)op- 

Myjie (25) saMeoHXb E oa iH, a — oa — | a 1, b — oa— /16 |. 

3. nojio>KeHHe cnyxHOKa o 3JieMeHXbi opdoxbi, Kax Mbi bh- 
ACJiH, yAoSoo onpeAejiHXb oxHOcoxejiboo npOMoyrojibooft coc- 
xeMbi KOOpAHoax c oaoaJiOM b opoxoroBaiomeM ueoxpe A 
0 c ocoMH Ax, Ay, Az, oocxoohho opoeoxopOBaoMbiMo b npo- 
cxpaocxBe. 

B pasHbix saAaoax ocHOBoyio ojiocKocxb Axy 3xoh cocxe- 
Mbi Bbi6HpaK)x no-pasHOMy. HanpoMep, npo osyoeoHo ABH>Ke- 
HHo cnyxHHKOB SeMJiH 3a ocHOBoyK) ojiocKOcxb Ax^y^ npH- 
HHMaiox OJIOCKOCXB 3KBaxopa, ocb Azs oaopaBJioiox ox ueoxpa 


§ 2] OnPEAEJTEKHE n0J10>KEHH5I HO 3JIEMEHTAM OPBHTbl 143 


SeMJiH K ee CeBepHOMy nojiiocy, a ocb Axs — b tbr nasbiBae- 


MyK) TOHKy BeceHHero paBHo;ieHCTBHH; ocb Ay 


Bbi6epeM 


Tax, qTo 6 bi CHcxeMa AXsijsZ^ 6 biJia npaBOopHeHTHpoBaHHOH. 

Taxan CHCxeMa Ax^y^z^ HasbiBaexcn sxBaxopHaJibHOH reonenx- 
pHHecxoH CHCxeMOH oxcHexa. AHaJioxHHHO mo>kho onpe;iejiHxb 
jXJiH JlyHbi jik)6oh njianexbi hjih jik)6oh 3Be3;ibi) ax- 

BaxopHaJibHyx) cejieHOiieHxpH- 
qecxyx) (cooxBexcxBeHHO njiane- 
xoiieHxpHHecxyx) hjih acxpouen- 
xpHHecxyx)) cHcxeMy oxcnexa. 
nojio>KeHHe cnyxHHxaP BSXBa- 


o 


xopHaJibHOH reoiieHxpHHecxoH 

CHCxeMe xoopAHHax mo>xho sa- 
Aaxb He xojibxo xpeMH ero ;;e- 

xapxoBbiMH xoopj^HHaxaMH (^3, 

^3, ^3), HO H XpeMH C(})epHHeC- 

XHMH xoopAHHaxaMH: reoiienx- 

pHHeCXHM pa^HyCOM-BeXXOpOM 

r, cxjioneHHeM 6 h npHMbiM 

BOcxo>x;ieHHeM a *) (pnc. 4 . 5 ). 

CxjiOHeHHe 6 onpeAejinexcn xax 
yroji Mejiy^y pa^HycoM-Bexxo- 

poM AP H ero npoexiiHeft APi na njiocxocxb axBaxopa 



(-90 


O 



6 



90°), a npHMoe BOCXo>XAeHHe — xax yroji uem- 


;;y ocbio Axs u jiynoM APi 



O 



a < 360°). 


ripH pemeHHH sajxaH xocMonaBXHXH yj^oOno onpej^e- 

JiHXb nojio>xeHHe cnyxHHxa no oxHOHiennio x cHcxeMe xo- 
opj^HHax c HanaJiOM ne b uenxpe SeMJiH A, a b xonxe naOjix)- 

AeHHH 5. 

HanpHMep, axo Mon^ex 6bixb CHCxeMa oxcnexa c HanaJiOM b 
xaxoM-jiH6o AaHHOM nynxxeBna noBepxnocxH 3eMJiH h cochmh, 
napajijiejibHbiMH ochm CHCxeMbi Axyz. Ecjih A — uenxp 3eM- 

JiH, a ocH Br]y Bt, CHCxeMbi HMeK)x xaxne me nanpaB- 

JieHHH, xax cooxBexcxByK)mHe och reoueHxpnnecxoH axBaxo- 
pHajibHOH CHCxeMbi xoop;;HHax, xo CHCxeMy B^r]^ mo>xho na- 
SBaxb monou^eHtnpmecKou dKeamopuaAbHou CHCxeMoft xoopAH- 
Hax. J[|,pyroH npHMep BbiOopa CHCxeMbi B^r]^: xonxa B— na no- 

sepxHocxH 3eMjiH; ocHOBnan njiocxocxb B^r] — xacaxejibnan 


* 


360 


) B acTpoHOMHH o6bPiHO noHHMaiOT noA npHMbiM Bocxo>KAeHHeM yro .i 

— a. 
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TPAEKTOPH^ b tpexmephom iipoctpahctbe 


[r.n. IV 


nJIOCKOCTb K nOBepXHOCTH SeMJIH B TO^Ke B (nJIOCKOCTb 

ropHSOHxa); ocb Br] HanpaBJiena no Mepn/^nany k CeBepnoMy 
nojifocy SeM.iH, ocb B^ HMeex HanpaBJieHne BHenineH nopMajin 
K noBepxHOcxH SeMJIH (HanpaBjiena b senHx), ocb B^ nanpaB- 
jiena no napajijiejin, npoxo^HiiieH nepes B, h npnxoM xax, nxo 
CHCxeMa npaBOopHenxnpoBaHHaH. Taxyio CHCxeMy oxcne- 
xa HasbiBaiox eopusoumaAbHOu. 

riojioxceHHe cnyxHHKa b ropnsoHxajibHOH chcxcmc KOOp;iH- 


f 


Hat MOH<HO 3a;iaTb ne tojibko rpeMsi ero ;;eKapTOBbiMH Koop^H- 

HaiaMH (Xr, yr, Zr), HO H TpO- 



Phc. 4.6. 


MH c(J)epHqecKHMH KOopAHHaxa- 

MH (pnc. 4.6): ^aJibHocxbio p, 
yrjiOBOH BbicoxoH cnyxHHKa naA 

ropnsoHXOM (yroji h) h asHMy- 

xoM (yroji A). KoopAHnaxbi p, 
hn A MOJKHOnaftxH, nanpHMep, 
H3 paAHoxexHHHecKHX Ha6jiio- 
AeHHH 3a cnyxHHKOM P, a A h 

A — xaKxce h 3 onxHnecKHX na- 



B o 6 meM cjiynae xonxa B ne 


o 65 i 3 axeJibHO Jiexcnx na noBepx- 


HOCXH SeMJIH. Mojkho, HanpH- 


Mep, Bbi 6 paxb CHCxeMy oxcnexa 
B^rj^xaK, qxo 6 bi xoHKa B cob- 
najia c A , ocb BC 6 biJia nanpaB- 


jiena k CeBepnoMy nojiiocy SeMJiH, ocb B^ 6biJia nanpaBjiena 
B xoHKy BcxpeHH HyjieBoro MepHAHana c SKBaxopoM Sbmjih, 
a ocb Bt) — xaK, Hxo6bi cncxeMa oxcnexa 6biJia npaBOOpnenxn- 
pOBannoH (hcho, hxo ocnoBHan nJiocKOCxb B^rj 6yAex b 3xom 
cjiynae coBnaAaxb c nJiocKOCXbio SKBaxopa Sbmjih). TaKyio 
CHCxeMy oxcnexa mo}kho Ha3Baxb eeoapacpuHecKOu: reorpa(J)HHe- 

CKHe KOOpAHHaxbi xoneK (uinpoxa, AOJiroxa) na noBepxnocxn 
SeMJiH B 3X0H cHcxeMe oxcnexa c xenenneM BpeMenn ne 6yAyx 


MeHHXbCH. 

Anajicmnnyio cncxeMy oxcnexa mo}kho onpeACJiHXb 
JlyHbi, A*^^ jno 6 oH njianexhi hjih 3 Be 3 Abi. 


*) SaMeTHM, HTo B acTpoHOMHH noHHMaKDT o6biHHoiiojiasHMyToM yroJi 

A, = 360° —/I. 


§ 2] onPEAEJlEHHE no;iO>KEHH5I no 3JIEMEHTAM OPBMTbl 145 


Sa^aHH 

1. SsesAHhiM BpeMCHeM b ashhoh To^Ke B Ha seMHOH noBepXHocTH 

B MOMeHT HasbiBaeTCH AByrpaHHbiH yroJi Me}KAy noJiynJiocKocTbio, 

npoxoA^JU^eH nepes noJiHpHyio ocb SeiviJiH h Tonxy oceHHero paBHOAencTBHH, 
H noJiynJiocKocTbK), npoxoABmefl b ASHHbifl MOMeHT nepes ocb Sbmjih h toh- 

Ky B. 3a eAHHHuy HSMepeHHH SToro yrjia npHHHMaioT qacTo He rpa^yc, 
a «yrJioBOH Hac» (hjih npocTo «Hac»), npHHeM 360° = 24 yrjioBbiM HacaM, 

1 qac = 15°. 

B acTpoHOMHqecKHX KaJieHAapHx odbiqno hphboahtch asesAHoe BpeMH 

B fpHHBHqe B noJiHoqb KancAtix cyTOK hjih b noJiHoqb, c KOTopofl HaqHHaexcH 

MeCHU. 

CnyTHHK 6biJi aaMeqen na ciaHHHH naOjiiOAeHHH B e t qacoB no mockob- 
CKOMy BpeMeHH. SBesAHoe BpeMH b fpHHBHqe b noJiHoqb, npeAUieciByiomyio 
STOMy MOMCHTy Ha6jiiOAeHHH, cociaBJiHJio 5 q rpaAycoB. IlyHKT Ha6jiiOAe- 

HHH B HMeeT AOJiroTy X. 

Kskobo 6biJio sBesAHoe BpeMH na craHUHH b MOMen? naOjiiOAeHHH 

cnyiHHKa? 

2. AoJiroxa Cmojibhckb k — 32°, cnyiHHK Ha6jiiOAaJiCH b 20 qacoB 
7 Man 1960 roAa. SBesAHoe BpeMH b fpHHBHqe b noJiHoqb c 30 anpejiH na 
1 Man cocraBjiHJio 217,94°. HaftAHie SBesAHoe BpeMH b Cmojibhckb b mombbt 

HadJiiOAeHHH cnyTHHxa. 

3. Ha CTaHUHH naOjiiOAeHHH B b MOMeni t no MocKOBCKOMy BpeMeHH 

ObiJi aaMeqen HCKyccTBeHHbifl cnyxHHK SeMJiH. Hycxb HssecxHbi npHMoyroJib- 
Hbie ropHsoHxaJibHbie KoopAHHaxbi cnyxHHKa b 3xox mombhx (x^, 

Aaxa Ha6jiioAeHHH h reorpa(j)HqecKHe KoopAHHaxbi cxaHUHH Ha6jiiOAeHHH 
(q)0, X^), BbiBeAHxe (j)opMyJibi A>aH BbiqHCJienHH SKBaxopnaJibHbix reouenx- 
pnqecKHX KoopAwnax cnyxHHxa {x^, y^, z^). 

4. Ha cxaHUHH B c reorpa^HqecKHMH KoopAunaxaMH (cp, X) b t qacoB 
no MOCKOBCKOMy BpeMeHH Ha6jiiOAaJiH npoxoJKAeuHe cnyxHHKa. Bbijih nafl- 
AeHbi ero ropnaoHxajibHbie C(j)epHqecKHe KoopAunaxu p,h,A. HsBecxHa 
Aaxa HadJiiOAeHHH. 

BbiBCAHxe (j)opMyjibi, onpeAejiHiomne SKBaxopnajibHbie c4)epHqecKHe 
KoopAHHaxbi cnyxHHKa /*, 6, a. 

5. flycxb H3BecxHo, qxo b t qacoB no MocKOBCKOMy BpeMeHH cnyxHHK 

AOJiJKCH Obixb bhagh Ha cxaHUHH BHsyaJibHbix HaOJHOACHHH B H 6yAex HMexb 
reouGHxpHqecKHe sKBaxopnajibHbie KoopAUHaxbi /*, 6, a. HasecxHa xaicHce 
Aaxa npoxoJKAGHHH cnyxHHKa naA cxaHunefl B. Ha6jiioAaxejiHM sxoh cxaH¬ 
UHH Heo6xoAHMO coo6iuHXb ropHSOHxaJibHbie KoopAHuaxbi {h, A) cnyxHHxa 

B MOMeHX t. KaKHM o6pa30M MOH<HO BbiqHCJlHXb 3XH KOOpAHHaXbl? 

6. HasecxHbi 3 JieMeHXbi op^HXbi HCKyccxBeHHoro cnyxHHKa Sbmjih ox- 
HocHxejibHO reoucHxpHqecKOH 3KBaxopHajibHOH CHCxeMbi KoopAHHax: 

a = 7000 km; e = 0,2; y ~ SI ~ ^0°; (o = 45°. Ho 3 Xhm AaHHbiM 

BbiqHCJiHxe ACKapxoBbi 3KBaxopHaJibHbie KoopAHHaxbi nepHreu op6H- 
Tbi. HaHAHxe aaxeM oKBaxopnaJibHbie cijiepHqecKHe KoopAUHaxbi nepn- 

ren r, 6,a. 

7. HsBecxHbi 3 JieMeHXbi opduxbi cnyxHHKa T> ^ oxHocHxeJibHo ne- 
KoxopoH CHcxeMbi oxcqexa Axyz. ToqKa P HMeex oxHocHxejibHo op6HxaJib- 
HOH CHcxeMbi oxcqexa A^r\I^ AeuapxoBbi KoopAHHaxbi (0, 0, 1). KanoBbi ee 
KoopAHHaxbi oxHocHxejibHo CHCxeMbi oxcqexa Axyz? 

10 M. B. BajiK 
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[rJl. IV 


§ 3. HAXO>K 


n0J10>KEHH^iVl 


Mbi HayHHJiHCb no nsBecinbiM sjieMeHxaM op6HTbi cnyi 
[OHHTb ero noJio>KeHHe b sanannbie MOMenTbi BpeMenn. B 


naparpacbe mu sanMeMcn o6p 


o 


saAanen: 


o6p 


MO^HO onpeAOJiHTb op6HTy (to ecTb BbinncjiHTb ee sjieMenTbi) 


JIjih Haxo>K 


XO>K 


bKHX Ha6jiK)AeHHH cnyxHHKa? 
mecTH 3jieMeHX0B op6HXbi cnyxHHKa jxo- 
cxaxonno, BOo6me roBopn, snaib abb ero noJio>KeHHn Pi h P 2 

(OTHOCHxejibHO npHHHxoH CHCxeMbi OTcnexa) H MOMenxbi npo- 

^eHHH nepes axn 

xonKH. BbiKJiaAKH yn- 

poiuaiOTCH, ecjiH ns- 
BeCTHbl XpH nOJIO>Ke- 

HHH cnyxHHKa n mo- 
Menx ero npoxo>KAe- 
HHH nepes OAny h3 

3THX xoneK *). 

HxaK, nycxb b ne- 



o 


KOxopoH cHCxeMe ox- 



nan a- 


Phc. 4.7. 


06o3HanHM 

cnyxHHKa 

AP,= 

BeCTHbl. 

Mbi 


nepea 



t 


2» 


t 


cnexa Axyz 

JIOM B npHXHXHBaiOLAeM 

iieHxpe) H3BecxHbi ko- 

opAHHaxbi xpex xoneK 
Pi, P^, P 3 , nepea koxo- 

pue npoxoAHXop6Hxa 

cnyxHHKa (pnc. 4.7). 


3 


nepea sth xohkh. Oycx 


MOMCHTbl 

—> 


AP 


r 


npoxo>K, 

AP 


i> 


2 


r 


2 » 


r 


3» 


< 


2 


< 


Ho yCJIOBHK) BCKTOpU Ti, f 2 , ^3 H3 



ACM nojiaraxb, nxo npnxnrHBaioiUHH ueHxp A ne- 

Jie>KHT HH Ha OAHOH H3 npHMblX PiP^^ ^ 1 ^ 3 » ^ 2 ^ 3 - 

1 . noJio>KeHHe njiocKOcxH op 6 HTbi B npocxpaHCXBe onpe- 
AejinexcH opxoM nopMaJiH k stoh nJiocKOcxH. 3xot opx mo>kho 


*) rioJiHoe pemeHHe saAaHH onpeAeJieHHH aJiCMCHTOB op6HTbi cnyiHHKa 
no H3BecTHbiM AByM ero noJio>KeHHBM MO}KeT 6biTb noJiyneHo c noMOii;bio 

4)opMyJibi JlaM6epTa (cp. [4.7]). 



HAXo:>KAEHHE 3JIEMEHT0B OPBHTbl 
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Haft™ no (})0pMyjie 



ri X rg 
ri X rg 



C ;^pyroft cxopOHbi, xoHKa N c opfiHxaJibHbiMH KOOpAHHaxaMH 
g = 0, T) = 0, ^ = 1 (Koneu opxa k BHemneft HopMaJiH k njioc- 
KOCXH op 6 HXbi) HMeex B cHCxeMe Axyz KoopAHHaxbi, onpeAejine- 
Mbie MaxpHueft 



(cm. § 2, saAany 7). SjiCMeHXbi axoft MaxpHUbi hbjihioxch oaho- 

BpeMCHHO KOOpAHHaxaMH BCKXOpa AN , XO ecxb BCKXOpa k. 
CpaBHHBaH SHaqeHHH OAHOHMCHHblX KOMnOHeHX BCKXOpa k 

H3 Bbipa^eHHft (1) H (2), Mbi cyMecM HaftxH H T (ecjiH 

sinr=f 0). . 

2. TaK KaK BeKxopbi ri, r 2 h KOMnjianapHbi (xo ecxb 
jie^ax B OAHoft H xoft me njiocKOcxH, a hmchho b njiocKOCxH 
op6HXbi), npHHCM BeKxopbi Ti H ne jie:»<ax (no Aonymennio) 
na OAHoft H xoft me npHMoft, xo aojijkhu cyuiecxBOBaxb xaKHC 
BeuiecxBeHHbie Koncxanxbi q n Cg, nxo 

= Ciri + Cars- (3) 

Hxo6bi HaftxH Cl H Cg, yMHO^HM (3) cnpaBa BeKxopno oahh paa 
na Tg, a Bxopoft paa — na ri: 

^2 ^ ^3)>^2 ^ ^1~^3(^3 ^ ^l)* (4) 


OxcK)Aa Mo^HO nojiynnxb BejinqHHbi q n Cg. 

3. ypaBHCHHe op6HXbi HMeex bha r = p/{\ + ecosG). 

OxciOAa 

p —r= el, (5) 

FAe ^ — npoeKUHH BCKxopa r na ocb ancHA. 

06o3HaHHM qepea ^ 2 ^ ^3 npoeKUHH BeKxopoB ri, r 2 , Tg 
Ha ocb ancHA. Ha (3) cjieAyex, qxo ^2 = + ^ 3 ^ 3 - yMnoncan 

3T0 paBencxBO na e h yqHXbiBan (5), naftA^M 

r^—p = Ci {ri — p) + Cg (rg — p). (5a) 

Ha axoro ypaBHenHn mohcho naftxH p. 


10 * 
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[rJl. IV 


4. BbiHHCJiHM SKCiieHTpHCHTex 8. 06o3HaHHM opxbi oceft 

op6HxaJibHOH CHCxeMbi KoopAHHax qepea /, y, k (Bexxop i Ha- 
npaBJien no jihhhh ancHA, BCKxop j jie>KHX b njiocKOCxn op6HXbi 
H nepneHAHKyjinpen k jihhhh ancHA, BCKXop k nepnenj^HKy- 
jiHpen K njiocKocxH op6HXbi). Mbi HMeeM 

J = k X i= ---(ri X ts) X i = 

\riXrs\ 

[raii-tj) -riii-ra)]; 

xo ecxb 

J = y ^ — Isn). ( 6 ) 

ri A r3 

ViviHOHcaH o6e qacxH paBeHCXBa (6) na e) X r^\ h ynn- 

xbiBan (5), HaH^eM 

8 1 ri X rsl / = (p - ri) rg - (p - r^) r^. (7) 

npHpaBHHBan Mo^yJiH o6eHX qacxeft nocjieAHero paBencxBa, 
nojiyqHM ypaBHenne onpeAejieHHH SKciieHxpHCHxexa 8 

8 |ri X rg 1 = 1 (p - ri) rg - (p - rg) r^]. (8) 

5. Opxbi k n j BbiqHCJiHioxcH npH noMOiiiH ypaBHeHHH (1) 
H (7). riocjie 3X0ro mo>kho BbiqncjiHXb opx / och ancHA no (J)op- 

Myjie 

i = j X ft. (9) 

Opx p JIHHHH ysjioB AU onpeAejinexcH ({) 0 pMyji 0 H 

P = cos U-I + sin U-Jy (10) 

FAC I Vi J — opxbioceft Ax h Ay (cm. pnc. 4.7). Snan opx jih¬ 
hhh ysjiOB p H opx JIHHHH ancHA /, JierKo naftxH h yroji co mc^- 
Ay HHMH. 

6 . HaHACM MOMCHx /q npoxojKAeHHH cnyxHHKa qepea nepH- 
UCHXp. OrpaHHqHMCH cjiyqacM sjijiHnxnqecKoro abh^chhh. 

riycxb HSBecxcH momchx 4 hpoxojkachhh cnyxHHKa qepea xoq- 

Ky ^ 2 * 06o3HaqHM SKcneHxpHqecKyio anoMajiHio cnyxHHKa 

B 3X0X MOMCHX qcpcB E^, ToEAa 

r 2 = a (cos £*2 — e) i b sin £ 2 ] 

(cm. (J)opMyjiy (3.4.17)). 



( 11 ) 
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§ 4] OnPEAEJlEHHE HO n0J10:>KEHHI0 H CKOPOCTH 

TaK KaK p H 8 HseecTHbi, to jierKO BbiMHCJiHib a ub: 

a p {I — 8^), (1 — 8‘^), 

Ha (11) cjieAyex, hto 

a (cos £*2 — ^ sin = r^j- (12) 

Ha cHCTCMbi (12) MOJKHO HaHTH ypoji £ 2 * npH noMOiiiH ypas- 
HCHHH Kenjiepa 

£2 — 8 sin £2 = n (4 — 4) (13) 

JierKO Tenepb BbiHHCJiHXb momcht 4- 

Sa^aHH 

1 . KocMHHecKan paKera Ha6jiK);;aJiacb Haji nyHKTOM c reorpa(j)HHe- 
CKHMH KoopAHHaraMH (pi = 30°, 4 ~ 90°. A nepea 6 nacos ona oKaaaJiacb 
HaA nyHKTOM c reorpa(j)HHecKHMH KoopAHHaiaMH (P 2 = 60°, ^2 ~ 180°. 
OoJieT cosepmaeTCH b laKHX ycJioBHHX, hto mo^kho yHHTbiBaxb tojibko 
THTOTCHH e paKexbi K SeMJie h CHHxaxb, hxo SeMJiH HMeex c(j)epHHecKyK) 
CTpyKxypy. BbiHHCJiHxe HaKJioHCHHe opOHXbi k nJiocKocxH SKBaxopa. 

2. B 12 nacoB ahh no MocKOBCKOMy BpeMCHH 1 anpejin 1960 ro^a Ha 

o^hoh h 3 cxaHHHH HaOjiio/iaJicH cnyxHHK SeMJiH. Bbijih HSMepenbi ero 
ropH30HxajibHbiec(j)epHHecKHe Koop/IHHaxbi p, /i, A h no sxhm ;iaHHbiM aaxeM 
BbiHHCJieHbi ero sKBaxopHaJibHbie AeKapxoBbi Koop/IHHaxbi. Ohh oKaaaJiHCb 

paBHbiMH (d, d, d), rjxe d = 20 000 km. AnaJiorHHHbie Ha6jiK);ieHHH ObiJiH 

BbinoJiHeHbi Ha;i xeM }Ke cnyxHHKOM na jIByx jIpyrHX cxanuHHx: na oahoh— 
yxpoM xoro >Ke ahh, na jipyroH — BenepoM. SKBaxopHaJibHbie reoueHxpH- 
necKHe KoopAHHaxbi cnyxHHKa oKaaaJiHCb tbkhmh: Pi (2d, d, 0) (peayjib- 
Taxbi yxpeHHHX naOjiio/ieHHH) h Pg (— d, 0, d) (BenepHHe Ha6jiK);ieHHH). 

SBeaj^Hoe BpeMH b PpHHBHqe b noJiHonb na 1 anpejin 6biJio 188,37°. Tpe6y- 

excH no 3XHM ;iaHHbiM BbiHHCJiHXb sJieMeHXbi opOHXbi cnyxHHKa. 

§ 4. OnPEflEJlEHHE 9J1EMEHTOB OPBHTbl CnVTHHKA 

no Ero nojio>KEHHK) m ckopocth 

B OAHH MOMEHT BPEMEHH 

Hycxb B MOMeHx 4 HSBecxHbi paAHyc-BeKxop ri h BeKxop 
CKopocxH Vi cnyxHHKa oxHOCHxejibHo npHXHTHBaiomero iieHX- 
pa ^ c rpaBHxauHOHHbiM napaMexpoM /(. TpeOyexcn HanxM 
sjieMenxbi opOHXbi cnyxHHKa. 

1. riojiojKeHHe njiocKOCXH op6Hxbi onpeACJinexcH opxoM 

HOpMajIH K 3XOH OJIOCKOCXH k: 

u _ ^1 X 

n X vx 


( 1 ) 
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Snan BeKTOp ft, jierKo HaftiH h t (cm. npeAbiAyuiHH napa- 
rpa(})). 

2. By;;eM xenepb paccMaTpHBarb j^sH^eHHe b op6HTajib- 

HOH CHCTCMe oTCHcxa B CHJiy Bxoporo saKona Kenjiepa 

ri X Vi = <s, \ri X Vi\ = a. ( 2 ) 

SnaH KOHCxaHxy njicuiaAeft a, mo^cm HaftxH napaMCxp op6H- 

xbi p: 

p - o^/K . (3 

3. KoHcxaHxa SHepxHH h Bbi^HCJinexcH no (j)opMyjie 

h = vl — 2Klri. Tenepb mo>kho BbinncjiHXb aKCiienxpHCHxex 
op6HXbi: 

^ 1 ^ • ( 4 ) 

4. BcKxop t^iMOJKHO OOTOsnanno pa3Jio>KHXb na paAnajib- 

nyio H nonepennyio cocxaBJimouine Vir h Vm. ZtencxBHxejibHO, 
ecjiH X — opx BCKxopa ri, xo 

Vir Vl-}., (5) 

^in Vl — (6) 

Ha ypaBHCHHn op6HXbi cjieAyex, nxo = p/{\ + e cos 0i), 

oxKyAa M0>KH0 nanxH cos 0i; snaK >Ke sin 0^ HaHA^M 
H3 ypaBHCHnn a*^^ paAnajibHon cocxaBJiniomeH CKOpocxn: 

v'lr = ~8 sin 01. OoaxoMy Mbi cyMccM nanxM h yroji 0i (b npe- 

P 

Aejiax MexcAy 0 h 2ji). 

Opx p jiHHHH ysjiOB MO^HO c^Hxaxb HBBCcxHbiM: OH Mo:»<ex 
6bixb naHAen c noMOuibio BCKXOpa ft xaK me, KaK axo 6biJio CAe- 

Jiano B § 3. 

Hxo6bi HHHXH yroji (o (yrjiOBoe paccxonHne nepHnenxpa ox 
ysjia), nojiyHHM cnanajia yroji co + 0i. Ho axo ecxb yroji Mcx^Ay 

AByMH H3BeCXHbIMH CAHHHHHblMH BCKXOpaMH f H X, H HOaXOMy 

P-X = COS (co + 0i), p X X = sin (co + 0i) ft, (7) 

FAC ft onpeACJinexcn no^opMyjie (I). Ha ^opMyji (7) oAHoananno 
onpeACAHCxcH yroji co -|- 0i xaK, nxo6bi hmcjih mccxo nepa- 

BCHCXBa 

01 CO ”1“ 01 ^1 “i~ . 

Bnan co + 0i h 0i, nanAeM h co. 
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5. OcTaexcH eme Bhmucjimh Mouem to npoxojKAeHHH cnyr- 
HHKa Hepea nepHiieHxp FI. OrpaHHHHMcn cjiy^aeM sjiJiHnxH- 

qecKoro 

HaM H3BecxHa HCXHHHan anoMajiHH 0i cnyxHHKa b mo- 
Menx ti. no3xoMy SKciieHxpHHecKyio aHOMajiHio Ei b sxot 
MOM eHx M0>KH0 onpe^ejiHxb no (j)opMyjie 



A 3Han Ely BbinncjinM h 3 ypasHennH Kenjiepa: 

El — e sin Ei=^ n {ti — ^o)- 

MoMenx 4 b cjiynae rHnep6ojiHqecKOH op6HXbi MOHcex 6bixb 
nojiynen anajiorHnno. 


Sa^aHH 

1. HsBecTHbi rpaBHxauHOHHbiH napaivieTp npHXHrHBaiomero uenxpa /C, 
BeKxopHan KOHCxaHxa nJioLuaAeft 0, BCKxop Jlanjiaca 'k. BbiHHCjinxe no 

3XHM AaHHbIM 8, a, Y, (0. 

2. rioJibsyncb pemeHHeM npe^biAyineH 3a;^a^H, yna^nxe cnoco6 Bbi- 
^HCJieHHH sjieMeuxoB op6HXbi cnyxHHKa, ecjin nsBecxHbi ero pa^nyc-BeK- 

xop r H BCKXOp CKOpOCXH V B KaKOH-XO 0;;HH MOMeHX BpeMeHH ti. 


§ 5. yiOHHEHHE 9J1EMEHTOB OPBHTbl CnVTHHKA 
no MHOEHM HABJltOflEHH^IM 

1. B §§ 3 H 4 HacxonmeH rjiasbi 6biJiH H3Jio}KeHbi cnoco6H 

Haxo>K;;eHHn sjieMenxoB opSnxbi cnyxHHKa no xpeM nsBecxHbiM 

nOJIOH^CHHHM CnyXHHKa B XpH MOMCHXa BpeMCHH HJIH ero no- 

JiO}KeHHK) H CKopocxH B o;iHH MOMeHx. 0;iHaKo nojiynaeMbie 
xaKHM oSpasoM sjieMenxbi nacxo OKaabiBaioxcn ne^ocxaTonno 
xoHHbiMH H3-3a norpeuiHocxeH b Ha6jiK)AeHHHX. 

Mo>kho nojiynnxb Oojiee xonnbie snaneHHH sjieivieHxoB, ecjiH 
HcnojibsoBaxb peayjibxaxbi mhofhx nadjiioAeHHH. 

2. B § 3 Mbi paccMoxpejiH cnoco6 onpeAejienHn sjieMenxoB 

opOHXbi no HecKojibKHM nojiojKeHHHM cnyxHHKa b CHcxeMe 
KoopAHHax Axyz c HanajiOM b uenxpe SeMJiH. Bbcacm A«nH 
3JieMeHX0B opOnxbi a, e, 7, co, oSoBHaneHHH ai, 

^3» <24, ag, ttg cooxBexcxBeHHo. Tor^a a^h KajKAoro MOMenxa 
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Ha6jiK)AeHHH t cnyxHHKa mbi 6 yAeM HMexb cooxHoiueHHH 

X = a: («!, a2, . . ag, /), 

y y (^i» ^ 2 » • • •» ^6» 

z = z (ai, a2, . . ag, /). 

Ecjih HcnojibsoBaxb axH cooxHomeHHH necKOjibKHX Ha6jiK)- 

AeHHH (npaKXHHecKH AOCxaxoHHO AByx, ho b § 3 Mbi npoc- 

XOXbl HCnOJIbSOBaJIH XpH), XO H3 (1) MbI nOJiyHHM AOCXaXOHHOe 

HHCJio ypaBHeHHH JXJi^ onpeAejieHHH mecxH HeHSBecxHbix Ui, 

^3> ^4» ^6) ^6* 

OaKXHHecKH H 3 Ka^AOPO Ha6jiK)AeHHH Mbi nojiynajiH xpH 
KOopAHHaxbi cnyxHHKa b AeKapxoBoft CHcxeMe KOopAHHax 

c HanaJiOM He b xonne a b Mecxe Ha6jiK)AeHHH B na 

noBepXHOcxH SeMJiH. 3 xo Moryx 6bixb h He npHMoyrojibHbie 
KOOpAHHaxbi I, T], B KaKHe-JiH6o KpHBOjiHHeHHbie (nanpH- 
Mep, c^epHHecKHe) KOopAHnaxbi p, q), 

ByAeM cHHxaxb, hxo naM H 3 BecxHbi (j)OpMyjibi nepexoAa ox 
CHCxeMbi oxcHexa Axyz k CHCxeMe oxcnexa Hhbimh cjio- 

BaMH, Mbi 3 HaeM ^OpMyJIbl, KOXOpwe B Ka>KAbIH MOMeHX Bpe- 
MeHH t Ka>KAOH XpOHKe KOOpAHHaX (x, z) COnOCXaBJIHIOT 

0AH03HaqH0 xpoHKy KOopAHHax p, q), A,, h Hao6opox, 

p = p {X, y, 2 ), q) = (p {X, y, z),K = 'k (x, y, 2 );] 

[ ( 2 ) 

X = X {p, q), X), y = y (p, q), K), z = z (p, q), K)J 

TaKHM o6pa30M, mu snaeM saBHCHMOCXb p, q), A, or sjieMeHTOB 

op6HXbi ttg H BpeMeHH t: 

P P • • •» ^‘6 > 

q) - q) («!, . . ag, /), > (3) 

A/ A/ (ci\i . . cIqj /). , 



SAecb B npaBOH nacxH Hanncanbi H3BecxHbie (MO>Kex 6bixb, 
rpoM03AKHe, HO H3BecxHbie) (j)yHKij;HH. /lonycxHM xenepb, hxo 
B KaKOH-xo MOMeHX BpeMeHH ti Mbi nyxeM nenocpeAcxBeHHbix 
Ha6jTK)AeHHH HaiujTH OAHy H3 KOopAHHax p, q), A., HanpHMep q): 

q) = q)j npH t = 
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TeM caMbiM Mbi nojiy^iaeM ypasHenHe, KoxopoMy aojijkhm yAOB- 
jiexBOpHXb mecxb napaMexpOB op6Hxbi: 

(p (Oi, 02, . . Oe- ^i) = 91- 

Ecjih Mbi B MOMeHX cyMceM H3 HSMepeHHH HaftxH eme 
xo nojiy^HM eme oaho ypaBHenne a*^^ Tex >Ke mecxH sjieMenxoB: 

X (Oj, . . .,06, /],) = Xj. (4) 

Ha HecKOJibKHx Ha6jiK)AeHHH mbi xaKHM o6pa30M Mo:»<eM 
HaHXH cHCxeMy necKOjibKHx (m) ypaBHeHHH oxHOCHxejibHO 

ajieMeHXOB a^, . . a^. 3xh ypaBHeHHH HMeiox bha 

Oi (ai, . . as) == biy 

O 2 (^Ij • • •» ^2> V 

(^i» • • •» ^e) “ 

3Aecb Oi, . . — H3BecxHbie (j)yHKUHH; . . .,6;^ — 

HSBecxHbie KOHcxaHXbi, nojiyneHHbie h 3 Ha6jiK)AeHHH. Ecjih 
H aM Bce sjieMenxbi a^, . . ag (hjih neKoxopbie H3 hhx) ne 
HSBecxHbi, xo HX Hacxo Bce me mo>kho naftxH H3 CHcxeMbi 
ypaBHeHHH (5), Aa>Ke ecjiH HMeiox onenb rpo- 

M03AKHH BHA. 

Ecjih m = 6, to h 3 CHCxeMbi mecxH ypaBHeHHH (5) mo>kho, 
BOo6me roBOpH, hhhxh mecxb HeH3BecxHbix sjieMenxoB ai, a 2 » ••• 
. . Ug (hxo Mbi ^aKXHHecKH H A^JiajiH B npeAbiAymnx napa- 
rpa(J)ax). OAHaKO sxh anaHeHHH sjieMenxoB 6yAyx nexoHHbiMH 
H3-3a norpeujHOcxefi nadJiiOAeHHH. Ecjih HcnojibsoBaxb 6ojibmoe 
HHCjio Ha6jiK)AeHHH, xo m 6yAex 6ojibme mecxH h h 3 (5) A«nH 
onpeAejieHHH mecxH HenaBecxHbix Mbi nojiynHM nepeonpeAe- 
jieHHyio (necoBMecxHyio) cHCxeMy ypaBHeHHH (5). 

B o6meM cjiynae mh HMeeM aejio co cjieAyiomeH aaAaHen. 
HMeexcH CHCxeMa m ypaBHeHHH 

(D* (Oi, . . ., Og, tk) = bk,k-= \,2, . . ., m, (6) 

C UieCXbK) HeH3BeCXHbIMH Ug. HaM H3BeCXHbI BeCbMa 

rpy6bie npH6jiH>KeHHbie snanemi^ hckomux BejiHHHH 




a 


( 0 ) 


( 0 ) 


( 7 ) 
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Tpe6yeTCH yKasarb cnoco6 nojiyqeHHH 6ojiee To^Hbix SHaqe- 

HHH HeHseecTHbix. 

BbIHHCJIHM BHa^eHHH (})yHKUHH npH Ui = ai\ . . 

Uq = a^Q\ riycTb 

O/e (a^o) ^ ^(0)^ ^ ^ ^ 1,2,.. m. (8) 

BeeAeM o6o3Ha^eHHH: 


= ai — Aj = 02 — ai°\ ■ ■ ■, Ag = Og — o^. (9) 

C^HTan ^^yHKUHH HenpepbiBHo AH 4 )(})epeHUHpyeMbiMH 
H npeHe 6 peraH ^jieHaMPi nopHAKa Bbjuie nepeoro OTHOCHrejib- 
Ho max I Ay;. I , mbi moh^cm HanHcaxb npH 6 jiHH^eHHbie paeeHCTBa 



SAecb qacTHbie npoHseoAHbie bbimhcjihiotch b tomkc {a^^\ . . • 
. . ., BeeAeM o6o3HaqeHHe 



Ecjih noA [cii, . • -y cLq) noHHMaxb hmchho xy rpynny mecxH 

^HceJi, Koxopan bbahcxch pemeHHeM CHCxeMbi (6), xo Mbi no- 
jiyqHM CHCxeMy m jiHHeHHbix ypasHeHHH c mecxbio HeH 3 Becx- 

HblMH Ai, A 2 , . . ., Ag! 
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HecoBMecTHyK) CHCxeMy ypaBHeHHH (11) nejibSH peiUHTb 

«TOiiHO». nosTOMy ecTecTBeHHO HaflTH npH6jiH)KeHHbie SHaqe- 

HHH nonpaBOK sjieMeHTOB Ag, . . Ag, yxoSbi ypaBHe¬ 
HHH (11) yAOBJieXBOpHJlHCb, B HSBeCXHOM CMbICHe, KaK MOKHO 

xoHHee. 

3x0 H AeJiaexcH cnocodoM nauMemuiux madpamoe, cyxb 
Koxoporo cocxoHx B cjieAyiomeM. 

no;i6HpaeM hhcjib A^, . . Ag xaK, Hxo6bi OKaaajiocb mh- 

HHMaHbHbiM cjie;iyiom,ee BbipaHieHHe: 

T — (-^11^1 + -^12^2 + . . . + AigAg — Bj)2 + 

+ (^ 21 '^l + ^ 22^2 + . • . + ^26^6 — - 62 )^ + 


“l~ (-^miAi Am2^2 “1~ • • • “F" •'4^gAg — (1^) 

V 

HjIH MHHHMaJIbHOCTH T Heo6xOAHMO, qT06bI BbinOJIHHJIHCb pa- 
BeHCTBa 



Mbi nojiyqaeM xaKHM o6pa30M, jxjih mecTH HeHSBecTHbix A^,... 

. . Ag mecTb ypaBHeHHH. OpoBOAH BbiKjia^KH, jierKO y6e- 

AHTbCH, HTO COOTHOlUeHHH ( 13 ) HpHBOAHT K CHCxeMe UieCTH JIH- 

HeiiHbix ypaBHeHHH: 


^11^1 ^12^2 ~ f " • • • ~ l ~ ^16^6 — 1 

^21^1 + 0^22^2 + . . . + «26^6 = ^2» 

(14) 

^ 61^1 + ^^ 62^2 + . . . + ^^igeAe = Cq, 


r;;e K03(})(j)HUHeHTbi Upq h { Cg , p, q = I, 6) onpeAeJiHK)TCH 

no (|)0pMyjiaM 



Peuian CHcxeMy (14), HaH^eM A^, . . Ag. 

riocjie 3Toro nojiynaeM HOBoe — «nepBoe» — npH6jiH}KeHHe 

AJin 3jieMeHT0B op6HTbi: 

a^^i) = q(^o) _|_ Qr(i) a^o) + Ag, . . ., + Ag. 
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OTnpaBJIHHCb OT 3THX npH6jIH>KeHHbIX BHa^eHHH HeH3BeCT- 

Hbix ^6 H npoBo;iH AOCJiOBHO TaKHe >Ke paccyx^AeHHH, 

KaK a-hh «HyjieBoro» npH6jiH>KeHHH, mh cyMeeM Bbi^HCjiHTb 
«BTopoe» npH6jiH>KeHHe sthx HeHSBecTHbix Ana- 

JIOrHMHO MOH^HO nOCTpOHTb TpETbe, ^CTBepTOe npH6jIH>KeHHH 
HCKOMoro peiueHHH («!, . . ag). 

B o6iij,eM cjiyqae AOJi^KHa 6biTb, CTporo roBopn, cneuHajib- 
HbiM paccyH^AGHHeM AOKasana cxoahmoctb nocjie^oBaTejibHbix 
npH6jiH}KeHHH k To^HOMy peiueHHio (a^, . . ag) 

CHCTeMbi ypaBHeHHH (6). 

JXo CHX nop Mbi roBOpHJiH o6 ypaBHeHHHX napaMeTpOB 

ai, . . Uq, nojiynaeMbix na ocnoBannH Ha6jiK)AeHHH 

Ham cnyTHHKaqp, p (sto MoryT 6biTb, KaK Mbi yx^e OTMeTHjin, 
jiK)6bie AeKapTOBbi hjih KpHBOJiHHeflHbie ero KoopAnnaTbi). 

Ho Mo>KHO nojiynHTb TaKne me ypaBnennH h 3 Ha6jiK)AeHHH 
KaKHX-TO dpyaux xapaKmepucmuK cnyTHHKa, nanpHMep pa- 
AHajibHOH cocTaBJiHKDuien ero cKopocTH. 

HeananHTejibHO ycjioxcHHH Hcnojib30BaHHbiH aAecbnpneM, 

MOJKHO ynecTb ne TOJibKO pesyAbmamu Ha6jiK)AeHHH, ho h Ka- 

necTBO, ueHHOCTb, «Bec» KajK^oro TaKoro peayjibTaTa no cpaB- 

nennio c ApyrnMH (noApo6Hee o6 stom cm. [4.2], [4.6], [4.8]). 

§ 6. nPOPHOSHPOBAHHE TPACCbl CnVTHHKA 3EMJ1H 

1 . Ylojx mpaccou cnyrriHUKa SeMJin noHHMaK)T npoeKunio 
op6HTbi cnyTHHKa na noBepxnocTb SeMjiH. Ta TOHKa P' 3cmhoh 
noBepxHocTH, Hajx KOTopon b AannwH momcht BpeMenHnaxo- 
AHTCH cnyTHHK P, Ha3biBaeTCH nodcnymnuKoeou moHKou. 
HnbiMH cjioBaMH, TOHKa P' HBJineTCH HpoeKunefl tohkh P 
na noBepxHOCTb SeMJin. Mbi s^ecb pa^H npocTOTbi 6yAeM chh- 
TaTb noBepxHocTb SeMJiH HAeajibnon C(|)epOH n ycjioBHMcn, 
HTO npoeKTHpOBaHHe op6HTbi cnyTHHKa na aeMnyio c(|)epy 

npOH3BOAHTCH H3 UeHTpa SeMJIH. 

JXjin MHOFHX coBeTCKHX cnyTHHKOB SeMjiH B nenaTH aapa- 
nee coo6niajiHCb MOMenTbi hx npoxo>K;ieHHH na^ OT^ejibHbiMH 
ropoAaMH. B stom naparpa4)e Mbi BbincHHM, KaKHe MaTeMaTH- 
necKHe pacqeTbi abkdt bobmojkhoctb nojiynuTb TaKOH npornoa. 

Bbi6epeM jXBe npHMoyrojibHbie CHCTeMbi OTcneTa c naqajiOM 
B ueHTpe SeMjiH 0 (pHC. 4.8): o^Hy 0|r|^, Bpaui,aK)iuyK)CH BMec- 
Te c SeMJieft BOKpyr aeMHoft och, BTopyio Oxyz, neBpauiaio- 
uiyK)CH, nocTOHHHO opHeHTHpoBannyK) b npocTpancTBe. 
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CucTeMa Bbi6HpaeTCH Tax: ocb 01 HanpaBJineTcn 

B TOMKy BCTpe^H HyjieBoro (rpHHBHqcKoro) MepH^HaHa c SKBa- 
TOpOM, ocb OS — K CeBepHOMy nojiiocy Scmjih, ocb Or] Bbi6H- 

paeTCH Tax, mtoSbi CHCxeMa OTC^exa OS^lS 6biJia npaBOOpHeHXH- 

pOBaHHOH. 

CncxeMy Oxyz Bbi6HpaeM xaxHM o6pa30M: aa ocb Ox npH- 


HHMaeM xo nojiojxeHHe och 0 
Bonpe^eJieHHbiH, sapaHee 

Bbl6paHHbIH HaMH MOMenx 

BpeMeHH to. (3x0 MOH^ex 

6bixb, HanpHMep, momckx 
npoxoH^AeHHH cnyxHHxa 
qepea nepHrefl hjih mo- 
Menx, xor^a ocb 01 npo- 
XOAHX qepea xoqxy Becen- 

Hero paBHO^eHCXBHH, h 
X. A.; B xan^AOM xoHxpex- 
HOM cjiy^ae cjieAyex 3a- 

panee AoroBapHBaxbCH 

OXHOCHXejIbHO Bbi6opa 
3X0X0 MOMeHXa.) 

Ocb Oz COBMeCXHM c 


, xoxopoe OHa (ocb OS) saHHMaex 



OS, a ocb Oy Bbi6epeM Phc. 4.8, 

xax, qxo6bi CHCxeMa Oxyz 

6hiJia npaBOOpHeHXHpOBaHHOH. Omobhaho, xoopAXHaxHbie 

njiocxocxH Oxy h 0|r] coBnaAaiox c nAOCxocxbio axBaxopa 
3eMjiH. 


B MOMeHX to OCH BpaiAaioiueftcH CHcxcMbi oxcqexa OStiS 
coBnaAaiox c cooxBexcxByiouiHMH ochmh HeBpaiij,aK)iij,eHCH 

CHcxeMbi oxcHexa Oxyz. B cHcxeMe oxcqexa Oxyz SeMJin 

(h BMecxe c Heft CHcxeMa oxcqexa OS^lS) BpaiiiaexcH paBHO- 
MepHo Boxpyr och Oz. 

B acxpOHOMHH HasbiBaiox SBesAHbiMH cyxxaMH BpeMH, B xe- 

qeHHe xoxoporo Scmjih coBepmaex noAHbift o6opox «oxhoch- 

XejIbHO HenOABHH^HblX 3Be3A», TO ecxb OTHOCHXeAbHO CHCXeMbI 

oxcqexa c HaqajioM b uenxpe 3eMJiH h ochmh, hchsmchho opnen- 

THpOBaHHblMH B HpOCXpaHCXBC. OpOAOJIH^HXeJIbHOCXb 3Be3A- 

Hbix cyxox — 23 qaca 56 MHHyx (xoqHee, 86 164 cexyHA). 

CjieAOBaxejibHO, 3a xan^Ayio MHHyxy BpaiuaioiiiaHCH CHCxeMa 

oxcqexa OSr|S (a BMecxe c Heft h 3eMjiH) noBOpaqnBaexcH 
OTHocHxejibHO HeBpauj,aK)uj,eftcH CHcxeMbi oxcqexa Oxyz na 
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o 


cjiejiyromHH yroji 


6 


unu 


6 


360 


24-60 


1 


TO eCTb 


6 


361 


24-60 


360 


24-60 


4 ’ 


1 


1 


360 


360 


24-60 


1 


1 


360 


TOMHee, 6 


360,986 

1440 


( 1 ) 


B CHcreMe OTcqeia OlriC nojio>KeHHe Ka^Aofl to^kh na 


u 


aeMHOH noBepxHOCTH BiioJiHe xapaKTepHsyeTCH AsyMH reorpa- 


90 ° 


<<P 



90 °) H 


(f)HqeCKHMH KOOpAHHaTaMHI UIHpOTOH (p (— 

AOjiroTOH X (— 180 ° <^X ^ 180 °). 

B cHCTeMe OTC^eTa Oxyz b jik)6oh momcht BpeMeHH t nojio- 

>KeHHe Kan^Aoro nyHKTa Ha noBepxHOCTH SeMjiH TOH^e mo^ho 
oxapaKTepHBOBaTb jXByun c(|)epHHecKHMH KOOp^HHaTaMH: uih- 
pOTOH O H ;;ojiroTOH A. Hcho, hto 


O 


(p H A 


X + 6 {t 


4)' 


( 2 ) 


2. Mbi 6 yAeM paccMaTpHBaxb ^ajiee jiHiub cnyTHHKH c Ma 

JIbIM SKCUeHTpHCHTeTOM (8 0 , 2 ), ABHH^yillHeCH Ha HeOojIb 

HIHX paCCTOHHHHX OT SeMJIH {Hql <C 2000 km), 

He6ojibmaH cnJitocHyiocTb peajibHofl SeMJiH, najiHHHe aTMO 
c(|)epbi, HpHTHH^eHHe CojiHua h JlyHbi h Apyrne (|)aKTOpbi npH 

BOAHT K HenpepbiBHOMy HSMenenHio sJieMeHTOB op6HTbi TaKon 

cnyxHHKa. Moh^ho noKasarb (cm. rjiaBy VIII, § 2 ), hto chjiioc 

HyxocTb SeMJiH hphboaht k paBHOMepHOMy HSMenenHio aoji- 


BOCxoAHuj,ero ysjia op6HTbi U. B 


Oxyz 


op6HTbi Bpauj,aeTCH BOKpyr och Oz co CKopocTbio ^ 


npH6jIH3HTeJIbHO paBHOH 


1 


140 


(i?/a)3»5 cos T rpaAycoB b mh- 


Hyxy. 3Aecb R — paAnyc Scmjih, a — OojibuiaH nojiyocb op- 

fiHTbi cnyxHHKa, 3 HaK MHHyc yKa 3 biBaeT Ha to, hto npH 

0 < r <C 90° BpauieHHe hjiockocth op6HTbi (ABHH^eHHe bocxo- 

AHuiero y3Jia U) npOHCXOAHT b HanpaBJieHHH, npoTHBonojio^K- 
HOM HanpaBjieHHK) Bpauj,eHHH Scmjih BOKpyr ee och, a npH 
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90° < T <C 180° opOHTa BpaiiiaercH b tom >Ke HanpaBJieHHH, 

B KOTopoM Bpau;aeTCH Somjih BOKpyr CBoefl och; b tom h Apy- 
roM cjiy^ae opOHTa BpaiuaeTcn b HanpaBJieHHH, npoTHBono- 

JIO>KHOM HanpaBJieHHK) ABHH^eHHH HpOeKUHH CaMOTO CnyTHHKa 

Ha HJiocKOCTb SKBaTOpa. TaKoro poAa paBHOMepHoe Bpaiuenne 
HJiocKOCTH op6HTbi HasbiBaiOT npei^eccueu, 

fljIH OOJIblUHHCTBa COBeTCKHX CHyTHHKOB SeMJIH 1957— 

1962 roAOB (t ^ 65°) npeueccHH CKasbiBajiacb b tom, hto 

HAOCKOCTb Op6HTbI HOBOpaHHBaJiaCb npHMepHO Ha 15' 3a 

Ka}KAbiH o6opOT CnyTHHKa (to ecTb na 3—4° b cyTKH) b Ha¬ 
npaBJieHHH, npoTHBonojiOH^HOM HanpaBJieHHK) BpaiAeHHH 3eM- 
jiH BOKpyr ee och. 

ripH pemeHHH saAan o nporHoanpOBaHHH Tpaccbi cnyTHHKa 
3eMjiH Mbi yHTCM npeueccHK) op6HTbi. HsMeHCHHe }Ke Apyrnx 
ajieMCHTOB op6HTbi yHHTbiBaTb He 6yAeM. 3 to ne npnneAeT 
K nyBCTBHTejibHbiM norpeiuHocTHM, ecjiH mh 6 yAeM HHTepeco- 
BaTbCH npornoaoM na He6oAbuiHe npoMen^yTKH BpeMenn (no- 

pnAKa OAHHX-Asyx cyTOK) *). 

y^HTbiBan MexaHUHecKuu 3(})(|)eKT ot cHcaTHH 3eMjiH, a 
HMeHHO, BpaiAeHHe hjiockocth op6HTbi cnyTHHKa, mh tcmhc 
M eneeB naiunx aeoMempmecKux paccy>KAeHHHx paapeuiHM ce6e 

npHHHMaTb nOBepXHOCTb 3eMAH 3a C(|)epy. 3 to AonycTHMO 
BBHAy MaJIOCTH CHCaTHH 3eMJIH **). 

3. B HeKOTOpbix cjiyqanx op6HTa cnyTHHKa 3eMjiH hmcct 

HaCTOJIbKO MajIblH SKCUeHTpHCHTCT, HTO ee 6e3 3HaHHTeAbHOH 

norpeiHHOCTH mo>kho cHHTaTb OKpyn^HOCTbK). B cjiynae Kpy- 
roBOH op6HTbi HporHOBHpoBaHHe Tpaccbi cnyTHHKa ynpo- 
u;aeTCH. 

*) CnJlIOCHyTOCTb SeMJlH MOHCCT npHeeCTH K SHaHHXeJIbHblM HSMCHeHHHM 

eii;e o^Horo napaivieTpa op6HTbi — apryMeHxa nepHren co: BCJie^cxBHe 
cnjiKDCHyxocxH npoHCxo;;Hx BpameHHe nepHren. O^HaKO, ecjiH HaKJioHeHHe 

op6HXbi 6 jih3ko k «KpHXHqecKOMy» SHaqeHHK) 63,4°, to sxo BpameHHe nepH- 
rea MaJio, h hm mo>kho npeHe6peHb npH npornosax xpaccbi na KopoxKHe 
cpoKH. HMeHHO xaKoe noJioHceHHe hmojio Mecxo 6oJibmHHcxBa coboxckhx 
cnyxHHKOB 1957—1962 foaob 65°). HanpHMep, jxJisi KajKAoro H3 

nepBbix xpex coboxckhx cnyxHHKOB CKopocxb BpameHHH nepHren op6HXbi 

cocxaBJiHJia npHMepHo 0,03° aa oahh o6opox. B Aa-^BHeftmHX paccyjKAe- 

hhhx Mbi paAH npocxoxbi orpanHHHMCH cjiyqaeM, kofah AonycxHMO npene- 
6peMb BpameHHeM nepHren op6HXbi. 

**) CncaxHe SeMJiH xapaKxepHsyiox hhcjiom (X={R^ — rAe 

^3 H — cooxBexcxBeHHo SKBaxopHaJibHbiH H noJiHpHbiH paAHycbi 3eM- 

•^h; corjiacHo HSMepeHHHM a 1/298,3. 
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PeiiiHM cjieAyioiuyK) aa^a^y. 

3a;;aqa 1. B momcht 4 «KpyroBOH» cnyTHHK naxo^HJiCH 
Ha^ nyHKTOM A aeMHoft noeepxHOCTH c reorpa4)HqecKHMH Koop- 

AHHaTaMH (po, HSBeCTHbl HaKJIOHeHHe T nJIOCKOCTH Op6HTbI 

K njiocKOCTH SKBaTOpa (ajih onpe^eJieHHOCTH nojiaraeM, qTo 
0 <C T <C 90°) H nepHOA T o6paii;eHHH cnyTHHKa BOKpyr 3eM- 

jiH. Tpe6yeTCH npeACKaaaTb, HaA KaKHM nyHKTOM aeMHofl no- 
BepxHOCTH 6yAeT naxoAHTbCH cnyTHHK b aaAaHHbifl momcht 

BpeMCHH t. 

PaccMOTpHM cnanajia ASHH^enne OTHocHTCJibHO neBpauiaio- 
uieflcH CHCTCMbi OTCHCTa Oxyz H He 6 yAeM noKa ynHTbiBaTb 
npeueccHK) opSHTbi. 

Ecah 6 bi nocAe MOMeHTa 4 3 eMAH He BpaiiiaAacb h ecAH 6 bi 

He BpaiiiaAacb HAOCKOCTb op6HTbi cnyTHHKa, to cnyTHHK b mo- 

MCHT t HaXOAHACH 6bl HBA HCKOTOpOH TOHKOH B SCMHOH nOBCpX- 
HOCTH CO c4)epHHeCKHMH KOOpAHHaTaMH (O, A) (b CHCTCMC 

OTcneTa Oxyz). 

Ha pHc. 4.9 CAB — Tpacca cnyTHHKa, AD h BF — Ayrn 

MepHAHaHOB 6oAbmHX OKpy>KHOCTeH, nepneHAHKyAHpHbix k 

SKBaTOpy. nycTb rpaAycHbie Mepbi Ayr CA, CD, CB, CF, DA, 

BF paBHbl COOTBCTCTBCHHO 9- ^0 H3BeCTHbIM 

(|)0pMyAaM aah npHMoyroAbHbix c^epnnecKHXTpeyroAbHHKOB*) 


sinij^o = 

_ Sin (Po 

sin y ’ 

(3) 

sin tto = 

_ tg <Po 

tgr 

(4) 


Ho 3THM ^^OpMyAaM MOHCHO HaHTH AyPH % H OCq. Bbl6op 
Hyx^Horo sHaneHHH ypo cpeAH pasAHHHbix Ayr, yAOBACTBOpnio- 

lAHX yCAOBHK) (3), MOH^HO npOH3BeCTH Ha OCHOBaHHH AOHOA- 
HHTeAbHblX CBeAeHHH 0 ABHH^eHHH CnyTHHKa, HanpHMep no 

TOMy, KaKOB 6biA nepHOA o6paii],eHHH cnyTHHKa T, npoxoAHA 
AH cnyTHHK HaA nyHKTOM A c lora Ha cenep hah Hao6opoT, 
H T. n. AHaAOPHHHo o6ctoht AeAO c Bbi6opoM Ayrn ao. 

TaK KaK cnyTHHK abh^kctch no KpyroBofl opdnTe paBHo- 
MepHO, TO 3a ^ — to MHHyT ero npoeKunn na Bcmak) npoxoAHT 


*) Cm. «CnpaBoqHHK Jiio6HTejiH acTpoHOMHH» IT. F. Ky-nHKOBCKoro. 
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360° 

coAepH^amyio {t 




*^0 + 


360 


T 



rpa;iycoB. FIosTOMy 



npHMoyrojibHoro c4)epHqecKoro TpeyrojibHHKa BCF: 

sin (p = sin ip sin y, (6) 

tga = tgip cos y. (7) 


OTCK)Aa HaHAeM (p h a. flyraDF paena, TaKHM o6pa30M, a — ao 
(rpaAycaM). SnaqHT, a^h to^kh B A = + a — y^TCM 




Phc. 4.9. 


Tenepb npeueccHio opOnTbi cnyTHHKa. Tax KaK njiocKOCTb op- 
Shtm cnyTHHKa Bpaui^aeTCH co CKOpocTbio rpaAycoBsa OAHy 
MHHyTy, TO 3 a [t — 4 ) MHHyT op6HTa ycnejia noBepnyTbCH 

(oTHOCHTCJibHO CHCTCMbi OTCHCTa Oxyz) Ha ypoji il {t — 4)» 
TaK HTO cnyTHHK 6yAeT naxoAHTbcn b momcht t hba nyHKTOM N 

c TOH >Ke UIHpOTOH O, HO C AOJIPOTOH 

# 

A = ^0 + a — “o + — 4)- 


M. B. BajiK 


( 8 ) 
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OepexoAH Tenepb ot cHCieMbi OTcqera Oxyz k CHCTeMe ot- 

cqera O^r]^, onpeAeJiHM reorpa4)HqecKHe KOop;iHHaTbi (cp, A,) 
TOH TOMKH M epamaK)U{eucH Smjiii, KOTopa>i OKaxceiCH b mo- 
MeHT t uojx cnyTHHKOM. Hs (j)opMyji (8), (2) nojiy^HM 

(p = O, A, = A^o + — oto) + — 4)- (9) 

4. npHCTynan Tenepb k paccMOTpennK) ueKpyaoebix op6HT, 
peiuHM cjieAyioiii^yK) 3a;;any. 

3 a A a n a 2. HcKyccTBenHbift cnyTHHK SeMJin B MOMeHT 

BpeMeHH /q HaxoAHjicH B CBoeM nepnree 77, KOTopbin (b stot 

MOMenr) oKaaajiCH na^ nynKTOM A seMHon noBepxnocTH, 

HMeK)iij,HM reorpa4)HqecKHe KOop^HHaTbi (cpo, A^o) (pnc. 4. 10). 
HsBecTHbi cjieAyioiiiHe sjieMeHTbi op6HTbi cnyTHHKa: yroji y 
HaKJiona njiocKOCTH op6nTbi k njiocKOCTH SKBaTOpa; nepHo;i, 
o6paiij,eHHH cnyTHHKa 7, SKCueHTpncHTeT op6HTbi 8. Tpe6yeTCH 

yKaaaTb Te MOMenTbi /, Kor;ia cnyTHHK 6yAeT naxoAHTbcn naA 

nyHKTaMH c lunpOTon (p. KaKOBa 6yAeT b Kax^Abin TaKoft mo- 

MCHT BpeMeHH AOJITOTH A, nOACnyTHHKOBOH TOHKH? 

JXjin npocTOTbi orpaHHHHMCH cjiynaeM (p > <Po > 0- 
PaccMOTpHM cnanajia Tpaccy b ueepamawmeucH CHCTeMe ot- 
cneTa Oxyz, npnneM ne SyACM yqHTbmaTb npeueccHio op6HTbi 

cnyTHHKa. FlycTb b momcht t cnyTHHK OKaaajiCH b tchkc Q, 
ACH^ameft naA cp-H napaAAeAbio. OpoeKUHio cnyTHHKa na 3eM- 

nyio c4)epy o6o3HaqHM qepe3 B. 

BneACM o6o3HaqeHHH j\Ji^ rpaAycHbix Mep Ayr (pnc. 4.10): 

CA = ( 0 , CD ao, CB == ip, C7 = a. 


KaK H npH pemeHHH 3aAaqH 1, Mbi mo^kcm nanTH (o n ao 

no ^^opMyAaM 


sm(Po 

Sin (0 = ^ , 

sin T 

sin ocq = 

_tg<Po 

tgr 

( 10 ) 

JXyTn ip H a HaHAGM h 3 cooTHomennH 


• 

sin if) — 

sin (p 
sin T ’ 


( 11 ) 

sin a = 

tg<P - 

tgr * 


( 12 ) 
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MoH^eT CJiy^HTbCH, MTO yCJIOBHK) (11) BOBCe He yAOBJieTBO- 

pneT HH OAHa Ayra. 3to snaHHT, hto b cboem ABH>KeHHH cnyTHHK 



Phc. 4.10. 


He AoxoAHT AO napaAJiejiH c uiHpoToft (p. B cAy^ae 0° T <C 
<C 90° 3T0 6yAeT, oneBMAHo, HMexb MecTO, ecAH (p > T hah 

T < — r. 

B ocTaAbHbix CAynanx ycAOBHio (11) yAOBAeTBOpner 6ecKO- 

Heqnoe MHon^ecTBO Ayr. Ecah (p = t (hah (p = — y), to 

= 90°+ 360°-/z HAH ip = 270° + 360°-rz {n — ueAoe). 


11* 
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riycTb cpo <C 9 <CT- 06o3HamiM Hepes'il^i HaHMenbuiyio nojio- 
>KHTejibHyio Ayry, onpeAejineMyio ycjiOBHeM (11). 

B npeAeJiax ot 0° ao 360° cymecTByiOT abb Ayrn n i))! 

('ll?! ^'ll?!), yAOBJieTBOpHIOlAHe yCJIOBHK) (11). 

AnajiorHHHO cyiiiecTByiOT abb Ayrn h ai(ai>ai), 

saKjiioHeHHbie MejKAy 0° h 360° h yAOBJieTBopHioiAHe ycjio- 

BHK) (12). 

OepeMeiiiaHCb no CBoeft opOnxe ot nepnreH 77, cnyiHHK 

B KaKOH-TO MOMeHT npoHAeT (BnepBbie nocjie ^o) waA napaji- 

jieAbK) c innpoTOH cp. IlycTb Q — nojio}KeHHe cnyranKa b stot 

MOMeHT, a B — ero noAcnyTHHKOBan TOHKa. 

npH AajibHeftiiieM ABuncennH cnyTHHKa ero xpacca roahh- 

MaeTCH ceBepnee Aannoft napaAjiejin. Ho saxeM nepea neKo- 

Topoe BpeMH ona nanneT cnycKaTbcn k lory n b KaKoft-TO 

/ 

MOMeHT 4 CHOBa nepeceneT sry napajijiejib b Kaxoft-To toh- 
Ke.B'. Taxan xapTHna 6yAeT noBTopHTbcn b TeneHHe Ka}KAoro 
o6opoTa cnyxHHKa. 

HexpyAHO HaftxH MOMenx 4- HcTHHHan anoMajiHH 0i toh- 

KH Q paBHa i|) — 0 ). Ho hcthhhoh anoMaAHH mojkho buhhc- 

AHTb SKCUeHTpHHeCKyiO aHOMaAHK) El TOHKH Q. SaxeM, HOAb- 

ayncb ypaBHeHHeM Ken^epa, HaftAeM 4- 

4 (^1 — e sin El). (13) 


Ecah sKcueHTpHCHTex e MaA (mw HMeHHo 3Tof cAynaft HMe- 

eM B BHAy), TO MO}KHO BbIHHCAHTb 4— ^0 ^ HOMOUlblO 60 Aee 

npocTOH npH6AH}KeHHoft (|)opMyAbi (cm. (3.1.8)) 



B MOMeHT 4 cnyxHHK npoHA^T HaA Abhhoh napaAAeAbio c lora 

Ha ceBep. To me hobtophtch b Aio6oft momoht 

4 = 4+ kT, ^ = 1, 2, 3, . . . (15) 

PaccyjKAan xax jxe, xaK npH pemeHHH saAanH 1, naftACM 
AOAPOxy A TOHKH B: 

A = Xq + (Xi — (Xq. 
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Ecjih }Ke yqecTb npeueccHio op6HTbi cnyxHHKa, to nojiy- 

qHM, HTo cnyTHHK AOJi>KeH OKaaaTbCH HaA nynKTOM c 

AOJirOTOH 

“ ^0 ”i~ ^0 “1“ ^ {I'k ^o)* 

riepexoAH OT CHCTeMbi OTcqexa Oxyz k BpaiiiaioiiieftcH chc- 
xeMe OTcqeia O^r]^, nojiyqHM, qio b momcht 4 noA cnyxHMKOM 
oKaxceTCH nyHKT c uinpoTOH cp h aojipotoh 

= ^0 “i" *^i — *^o ”t~ {^k — 4)* (16) 

AnaJiorHqHO momho noKaaaTb, qxo cnyxHHK npoHAei naA 
AaHHoft napajiJieAbK) b MOMeHT 4, onpeAeAneMbift (|)opMyAoft 

t\ - ^0 = ^ {E'l - e sin E\), 

/ 

PAG El — sKcueHTpHqecKaH anoMaAHH tomkh op6HTbi cnyx- 

HHKa Q', Ae}Kaiii,eft hba nynKTOM B', CnyxHHK npoHAei naA 

AaHHOH napaAAeAbK) TaKme b Ka}KAbift MOMeHT 4» onpeAejiH- 
eMbift (|)opMyAoft 

t'k - t[ + (k-l)T. (17) 

B Ka^AbiH H3 9THX MOMeHTOB npoxoKAeHHc 6yAeT c ceBepa 

_ f 

Ha lor. npH 3TOM cnyTHHK 6yAeT npoxoAHTb hha nyHKxaMH Mk 

c AOJiroTaMH 

— ^0 ”t~ — *^o ”t~ — 6) (4 — 4)* (18) 

SaAaHH 

1 . OpdHTa coBeiCKoro HC 3 «Kocmoc-IV» (anpejib 1962 ro^a) 6 biJia 
6 jiH 3 Ka K OKpy^KHocTH (H^ = 330 KM, — 298 km). npHMeM pa/^H npoc- 

TOTbl, HTO 3Ta Op^HTa OblJia OKpy^KHOCTbK) H HTO «KoCMOC-IV» /^BHFaJlCH 

BOKpyr SeMJiH Ha BbicoTe 314 km. Ho coo6ii;eHHio TACC njiocKocib opdHTbi 
ObiJia HaKJioHeHa k hjiockocth sKBaxopa non yrJioM T “ 65°00'. Hon Ka- 

KHM yrJioM nepeceKajia xpacca cnyTHHKa seMHoft sKBaiop? 

2. CnyTHHK BpamaeicH BOKpyr Sbmjih no oKpy^KHocTH na Bbicore 

230 KM Han SeMJiefl. OpOHTa npoxonnT nan oOohmh noJiiocaMH SeMJiH (cnyT¬ 
HHK noJinpHbiH). Hon KaKHM yrJioM nepeccKacT Tpacca cnyTHHKa SKBaTop? 

3. OpOHTa nepBoro coBCTCKoro cnyTHHKa ObiJia HaKJioHena k hjicckocth 
SKB aTopa non yrJioM 65°. CnyTHHK npouieJi nan roJioBoft HaOjiRDnaTCJiH, 
HaxonnmerocH na SKBaTope, c loro-sanana Ha cenepo-BOCTOK. B stot mo- 
MCHT HaOjiionaTejib saiviepHji BHnHMbiH yroJi Me^Kny TpaccoH cnyTHHKa h Ha- 

iipaBjicHHCM Ha BOCTOK. HcMy no.n>KeH 6biJi OKasaTbCH paBHbiM 3TOT yroJi? 

PeuiHTe aHajioTHHHyK) aanany, Korna Tpacca cnyTHHKa nepeccKacT 3KBa- 

Top c ccBepo-sanana na ioto-boctok. ilaHHbie o cnyTHHKc: = 950 km, 

= 230 KM, (i) = 58 °. 



r JIABA V 


SAflAHA n TEJl 


§ 1. SAflAHA TPEX TEJl B HHEPUMAJlbHOK 
CHCTEME OTCHETA 

1 . B npeAinecTByioiii,Hx rjiasax Mbi HaynajiH ABH}KeHHe koc- 
MHHecKoro annapaia nojx jxemTBmu THroieHHH jiHUib oahofo 

He6ecHoro Tejia. lAemfly tbm npaBHjibnee 6biJio 6bi y^HTbiBaTb 
npHTHHceHHe KOCMH^ecKoro annapara h k ApyrHM He6ecHbiM Te- 

jiaM, xoTH 6 bi K TBM, KOTopwe OKasbiBaiOT Ha Hero HaH 6 ojiee 
CHjibHoe BOBAeftcTBHe. TaK, HanpHMep, npn anajiHse. ABH}Ke- 

HHH Me}KnjiaHeTHoft cTanuHH, nocbiJiaeMoft k Mapcy, uejie- 
coo6pa3Ho npHHHMaib bo BHHMaHHe THroTCHHe SeMjiH, CojiHua 
Mapca. ripH HsyneHHH ABHH^eHHH p^xer, nocbiJiaeMbix k Jlyne, 

Heo6xOAHMO yHHTblBarb He TOJIBKO BJIHHHHe SeMJIH, HO H JlyHbi, 

a TaKme CojiHua. 

Bee 3TH npHMepbi bhojiho yKJiaAbmaiOTCH b paMKH snaMe- 
HHToft npo6jieMbi n xeji. B nacTOHiueft rjiaBe Mbi HaMepeHbi 
BKpame paccMOipeib HeKOTopwe ocHOBHue peayjibTaxbi, otho- 

CHiAHecH K SToft npo6jieMe. Mbi bwhchhivi, b hom saRjiionaiOTCH 
MareMaTHHecKHe saipyAHeHHH, BosHHKaioiUHe npn ee pemeHHH. 
PeayjibxaTbi stoh rjiaBbi 6yAyT HcnojibsoBSHbi b ABJibHefimeM 

npH H3JI0}KeHHH npH6jIH}KeHHOft MeTOAHKH paCHeia XpaeKTOpHH 

Me}KnjiaHeTHbix annapaiOB. 

SaAany o n xejiax paccMoxpHM cnanajia b HnepuHajibHoft 
cHCxeMe oTcqeia. 

2. riycTb B npocTpancTBe BbiOpana HeKoropan HHepunajib- 

Han cHCTeMa oTcneia IlpeAnojiojKHM, hto hmoiotch n 

MaiepHajibHbix tohok Ai, A2, • . . , An c MaccaMH mj, m2, . . . 

. . . , m,j, npHHeM b HanajibHbift MOMeni BpeMeHH H3BecTHbi 
HX HOJIOHCeHHH H CKOpOCTH. M3 BCeX CHJI, AeflCTByiOlAHX Ha 

MaxepHajibHbie TOHKH {A^, , {An, m^), 6 yAeM yHHXbi- 

Baxb xojibKO cHjibi HX B3aHMHoro XHFOxeHHH. Hac HHxepecyex 



3AAAqA TPEX TEJI B HHEPUHAJIbHOPi CHCTEME 


167 


§ IJ 

Bonpoc: rAeoKa}KeTCH KaMj^an 113 3thx tohek b jik)6oh nanepeA 

SaAaHHblH MOMeHT /? 

OrpaHH^HMCH noKa cjiy^aeM TOJibKo xpex xeji. 3 th xejia 
Moryx, HanpHMep, npeAcxaBJiHXb co6oh CojiHue, SeMJiio h 
J lyny, hah CoAHue, lOnnxep h HenxyH, hah KOCMHHecKHH 

Kopa6Ab, Jlyny h SeMAio. 

nOCKOAbKy paCCXOHHHH 
Me}KAy xeAaMH o6biHHo Be- 

AHKH no CpaBHeHHK) C HX 

pasMepaMH, mojkho chh- 
xaxb Maccy Ka}KAoro h 3 
3XHX xeA cocpeAOxoneH- 

HOH B ero ueHxpe XH>Ke- 

cxH. TaKHM o6pa30M,xpH 
xeAa Mbi npHMOM 3a xpn 
MaxepHaAbHbie mon/cuAi, 

A2,A 3 c MaccaMH mi, mg, 

m 3 COOXBeXCXBeHHO (pHC. 

5.1). 0603HaHHM HX KO- 
opAHHaxbi nepea (^ 1 , t]i, 

^l)> (^2» 'n2> ^ 2 )? (^3> 'Hsj PhC. 5.1. 

C 3 ), paAHycbi-BeKxopbi 

Oi4i, OA 2 H 0^43 — COOXBeXCXBeHHO nepea pi, pg, P 3 ; opxbi 
oceft Og, Or], 0^ — qepea /, /, k, Ohobhaho, 

= U + v=l,2,3. (1) 

Ha xoHKy {A^, AeftcxByiox Ase chaw: 1) CHAa F 21 , c Koxopofi. 
ee npHXHPHBaexxoHKa (.4g, mg); 2) CHAa F 31 , c KoxopoH ee npH- 
xHFHBaex xoHKa (/1 3 , m 3 ). CyMMaprtan cHAa, AeftcTByioiuan Ha 

xoHKy (^ 1 , mi). 

Pi ~ P^1- 

BeAHHHHy npoeKUHH BCKxopa Fi na ocb 0^ o6o3HaHHM nepea 

Fi^\ aHaAOPHHHblH CMbICA HMCIOX BCAHHHHbl /^i^, fi^; XaKHM 

oSpaaoM 

Fi + Fi^j + F^xk. (2) 

ZlH(j)(j)epeHUHaAbHoe ypaBHenne abhjkchhh xohkh {A-^, m-^ 
sanHCbiBaexcH na ocHOBaHHH Bxoporo aaKona Hbioxona b 

BHAe 

'^ 1 ^ = Pi ( 3 ) 
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B CHjiy saKOHa BceMHpnoro THroxeHHH 


F 


21 


^12 


Pi). F 


31 


mi/ns 

/-7F-(P3 

1^13 


Pi). 


me 


P'7 


A j 


P 


P 


/ * 


nosTOMy ypaBHeHHe (3) mojkho sanHcarb xaK: 


m 


d^Pi 

^ di^ 


/' 


m./n. 


P 


(P 


Pi) + 


12 


mi/ng 


P 


(P 


Pi) 


14 


(4) 


BeKTOpHoe ypaBHeHHe (4) paBHocHjibHo xpeM cKajinpHbiM 


ypaBHeHHHM: 


m 


m 


m 


d% 

^ dF 
^ dF 

d% 

^ dt^ 


F 




^12 


l)+ —^ (S3 

^13 



i) . 


F 




c rn^m^ , 

f -^(1. 

*^12 


r)i)+'^(r)3 

Pl3 


111) . 


(5) 


F 


1^ 


r ^1^2 

/ n3 

^12 


?* \ _I ^1^3 

Sij i- —^ (S3 

^12 


^i) ■ 


4xo6bi nepenHcaxb sxh ypaBHeHHH b 6 ojiee KOMnaKXHoft 
(|) 0 pMe, BBeAeM b paccMOxpeHHe BcnoMoraxejibHyio cKajiHp- 
Hyio (|)yHKUHK), xaK HasbiBaeMyio cHJiOByio (|)yHKUHio ashhoh 
saAaHH: 

11 r r fnJTio , m.ma , mo/no i 

U = f - ^ - + - 4—1 + _2_L (6) 

L Pl2 pl3 p23 J 

HJIH, KOpOHe, 

f/ = / 2 

^ vs 

s, v=i 

v<s 

CHJIOByiO (|)yHKUHIO t/ MO}KHO HarjIHAHO HCXOJIKOBaXb KaK 

HeKoxopyK) pa 6 oxy. IlpeAcxaBHM ce 6 e, hxo Bce xpH MaxepnaAb- 
Hbie xoHKH (^ 1 , mi), {A 2 y mg), (^ 43 , m 3 ) «3aKpenAeHbi» b 
npocxpancxBe. «OxKpenHM» xoHKy (> 13 , m 3 ) h 6 yAeM ynocHXb 

ee B decKQHeHHogxb. npH 3 XOM npHAexcH npeoAOAexb npHxn- 
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HceHHe MaxepHajibHbix tohck w (.4 2 , m^. JXji^ npe- 

OAOJieHHH npHTH}KeHHH TO^KH (i4i, nii) npH/^ercH coeepiUHTb 
pa6oTy ftnitn^/pi^] A«nH npeoAOJienHH npHTH}KeHHH to^kh 
(A 2 , ^ 2 ) noHaAo6HTCH coBepuiHTb paSoxy Bcero 

noxpe6yexcH pa6oxa 



nOCJie BbIBeAeHHH XOHKH ^43 B 6 eCKOHeHHOCXb «OXKpenHM» 

xoHKy (i42, m 2 ) H 6yAeM ee yAajiHXb b SecKoneHHOCXb. fljin axoro 

noxpe6yexcH saxpaxHXb pa6oxy 

SHaHHX, A*nH xoro ^xo6bi Bce xpn Maccbi m 2 , m^ paa- 
ABHHyxb Ha SecKOHeHHO 6ojibmHe BsaHMHbie paccxoHHHH, no- 
xpe6yexcH coBepiUHXb pa6oxy, paBHyio 


. m^m2 ■ . m^m^ .m^ 

P12 Pl 3 P23 


HxaK, (})H3HHecKHft CMbicji CHJiOBoft (f)yHKUHH IJ — 3 X 0 pa6oxa, 
Koxopyio cjieAyex coBepuiHXb, qxo6bi yAajiHXb xpn MaxepHajib- 
Hbie xoHKH Ha SecKOHeHHO 6ojibUjHe paccxoHHHH Apyr ox 
Apyra. 

BbiHHCJiHM dV / dll. Hcnojibsyn paBeHcxBa 

Pl2 = V (^2 - hr + {r\2 - niY + (^2 - Sl)^ 

Pl 3 = K(i 3 -gl)^+(^ 3 -nl)^+(C 3 -Cl)^ 


HaftAeM! 



HJIH 




CoBepmeHHo anajiorHHHO mo}kho noKasaxb, qxo dU/dr\i = f 
dU/dh = Fix^. noaxoMy (|)opMyjiy (2) A«nH CHJibi Fi mo}kho 
sanHcaxb b bha^ 



( 9 ) 
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06o3HaHHM Hepea F 2 h Fs paBHOAeftcTByioiiiHecHji, AeftcTBy- 

lOIIlHX COOTBeTCTBeHHO Ha TOHKH A2 H A^. 

JIjih tohok A2 H A^ MOJKHO, pasyivieeTCH, npoBecTH xaKHe 

>Ke paccy}KAeHHH, KaK ajih tohkh A^, u nojiyHHXb anajiorHH- 

Hbie (|)opMyjibi. 

TaKHM o6pa30M, deuMenue cucmeMbi mpex epasumupytomux 
MarnepuuAbHbLX moHCK {Ai, {A2, m2), (A^, onpedeAnemcH 

e unepUfUaAbHou cucmeMe omcnema cucmeMOu mpex eeKmopmix 
du(p(pepeHiiuaAbHbix ypaenenuu 



a (|)yHKUHH U onpeAejiHexcH (jDopMyjioft (6). 

KaJKAoe H3 BeKTOpHbix ypaBHeHHH (10) mo}kho aaMeHHXb 

XpeMH CKajIHpHbIMH ypaBHeHHHMH. ripHpaBHHBaH K03(|)(j)HUHeH- 

xbi npH /, j u k B jieBoft H npaBOH HacxHx ypaBHeHHH (10), no- 

jiyHHM cjieAyiouiyio CHCxeMy agbhxh oObiKHOBeHHbix ah(|)- 

(j)epeHUHajibHbix ypaBHeHHH Bxoporo nopHAKa: 

^ _ dU ^ _ dU ^ d%y, _ dU 

V = 1, 2, 3. 


3. npH ABH}KeHHH CHCXeMbI MeHHIOXCH nOJIO}KeHHH XOHeK H 
HX CKOpOCXH. OAHaKO H3 CHCXeMbI (10) MO}KHO HaftXH HeCKOJIbKO 

xaKHx (|)yHKUHH OX KoopAHHax H CKopocxeft xpex MaxepnaAb- 
Hbix xoHeK, Koxopbie ocxaioxcH b xenenne Bcero ABH}KeHHH 

HeH3MeHHbIMH, HHBapHaHXHbIMH. OhH HMeiOX BHA 

<1^ (^. Pi. P 2 . p 3 . Pi. P 2 . Pa) = c = const. (13) 

SaBHCHMOCXH BHAB (13) Ha3biBaiox nepebiMu unmeepaAOMu 

CHCXeMbI (10). SanHCbman sxh aaBHCHMocxH b KOopAHHaxHOM 

BHAe, noAyHHM nepBbie HHxerpaAbi CHCxeMbi (12): 
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§ 2 . HHTErPAJlbl SAflAHH TPEX TEJ| 

l.HHTerpajibi ABH}KeHHH 6apHueHTpa 
c H c T e M bi. B npeAbiAymeM naparpa(|)e mm o6o3HaqHjiH ne- 

pes Fvs CHjiy, c KOTopoft TOHKa (i4v, mv) npHTHrHBaex TOHKy 

{As, fns). H 3 Tpeibero saKona AHHaMHKH cjieAyer, hto 


F 


vs 


Fs^. 


( 1 ) 


ypaBHCHHe ABH>KeHHfl TOHKH {A^, tTl^ MO>KHO SanHCaTb B 


BHae 


mipi 


F 


21 


+ Fsi- 


( 2 ) 


AnaaorHaHo mb abvx ApyrHX ToaeK {A^, mj), (Ag, m~) 


• # 


'«2P2 




32 


+ Fi2, 


mgpg 




13 


f /^23- 


(3) 

(4) 


CKjiaAMBan sth paBencTBa noqjienHo h y^HTbiBan (1), naftAeM: 

^iPi + ^2p2 -1- '^3P3 = 0. 


JlBa}KAM HHTerpHpyn sto ypaenenHe, nojiy^HM: 


'^iPi + '^2P2 + '^3p3 


mip 


m2p2 


^Sp3 


a, 

at -h 6 , 


(5) 

( 6 ) 


EAe a H 6 


nOCTOHHHbie BeKTOpbl. 


OopMyjibi (5) H (6) npeAcxaBJiHioT co6oh nepBbie HHxer- 
pajibi CHCxeMbi (5.1.10). 


riycxb C 


6apHueHxp (ueHxp Macc, uenxp xH}KecxH) ch- 


cxeMbi xpex MaxepHajibHbix xo^ex {A^, {A2, m^), {A^^ m3), 


paAHyc-Bexxop axoft xohkh, xo ecxb OC, m 


Pc — paAHyc-i 
Bceft CHcxeMbi: 


Macca 


m 


mi + mg + m 3 . 


(7) 


Toraa 


Pc = Kpi + '« 2 p 2 + mgpg) 


(8) 
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nosTOMy paBeHCTBa (5) h (6) Moryx 6biTb sanHcanbi b bhac 




OopMyjibi (9) H (10) (a sHa^HT, h paBHOCHjibHbie hm paBencx- 
Ba (5) H (6)) BbipajKaiox xox (|)aKx, hxo dapui^ennip cucmeMU deu^ 
otcemcH e unepquaAhHOM npocmpancmee paenoMcpno a npnMOAU- 
neuHO. BeKxop b onpeAejinex HanajibHoe noJio}KeHHe 6apH- 
ueHxpa, a BeKxop a — ero CKopocxb. PaBencxBa (5) h ( 6 ) ho- 
CHX HasBaHHe mnnieapaAoe deuofceHUH daputientripa cucmeMbiy>. 

2. HHxerpaJibi njioiuaAeft. YMnoman pa- 
BencxBa (2), (3) h (4) Bexxopno cjieBa cooxBexcxBeHHO na 

Ply p2 M p3 H CKjiaAbiBan Hx DoqjieHHO, nojiyHHM: 

mi (pi X pi) + ma (p2 X Pa) + mg (pg x pg) = 

= {pi X F21 p2 X /^Ig) ' 4 ' (P2 X F 32 Ps X F23) ^ 

+ (P 3 X Fi3 + Pi X F31). ( 11 ) 

Ho F2i = — F 12, xaK Hxo 

Pi X F2I P2 ^ F 12 ^ Pi ^ ^12 P2 ^ ^12 ~ 

— (P2 Pi) ^ F 12 ~ 0, 


h 6 o BBKXopbi p2 — pi H Fi2 KOJiJiHHeapHbi. AHajioxHHHbie pac- 
cyjKAeHHH noKasbiBaiox, hto h ^Ba Apyrnx Bbipa>KeHHH b 
CKo6Kax npaBoft ^acxH paBencxBa (11) paBHbi Hyjiio. HxaK, 

^1 (Pi X Pi) + ^2 (p 2 X P2) + m3 (p 3 X P3) == 0. 

3 x 0 paBeHcxBO mojkho sanHcaxb cjieAyiouiHM oOpaaoM: 



^/^e a — nocxoHHHbifi Bexxop, 
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§ 2] 


npoH3BeAeHHe Maccu m MarepHajibHoft tohkh 



m) Ha 


seKTopHoe npoHSBeAeHHe paAHyca-BeKTopa p to^kh A (otho- 


HeKOToporo nanajia 


0) H CKOpOCTH p 


o 


KunemuHecKUM MOMenmoM 


(A, m) OTHOCHTeJIbHO TOHKH 0. KHHeTHHeCKHH 


3T0 


BeKTOp. rio a6cOJIK)THOft 

paBeH npoHSBeAeHHK) Maccbi m 

CKOpOCTH 


a6cojiiOTHyio BejiHHHHy 


p) H Ha paccTOHHHe OD ot tohkh 0 ao npH 


MOH, Ha KOTOpOH Jie}KHT BCK- 

TOp CKOpOCTH (pHC. 5.2). IlOA 
KUHemmecKUM MOMenmoM cu- 


:K0AbKux Mamepu- 

moneK noHHMaiOT 


cmeMbi He 

UAbHblX 

CyMMy KHHeXHHeCKHX 
MeHTOB Bcex TOHeK CHCTeMbl. 

OopMyjia (12) noKasbi- 


MO- 




BaeT, HTO KiiHemmecKuu mo- 

Menm cucmeMbi mpex epaeu- 
mupyfomux moneK ocmaemcH 

neusMeHHbiM. Sry (j)opMyjiy 

MO}KHO 6bIJIO 6bl HaSBaTb 

UHtneapaAOM 
KUHemmecKoao 



D 


coxpaHenuH 

MOMeHtna. 


Phc. 5.2. 


nycTb (j 


+ + ^3^* nepexoAH 


(bopMyjie (12) 


KoopAHHarax, noJiyHHM 


mi 

i j k 

Siili^i 

• # • 

+ m 2 


glTllSl 



i j k 
• * 

2^2 ^2 


+ m 


3 


i j k 

3^3^3 
3^3 ^3 


Oil + + ^3^ 


OxciCAa HOAyHaeM xpn CKaJinpHux HHierpa^a ABHJKeHHH 
('Hltl — Sllll) + "^2 (''l2t2 - ^2'n2) + '^3 ("nsts “ ?3'n3)=7fl» 


^1 (^itl 


itl) + ^^2 (^2 



2 



2 


^ 2 ) + ^3 (fe3fe3 



3 


is) 




11 ill) 


^2 (^2^2 - '•1212) + ^3 (i3'n3 


1l3i3) 


(14) 

^2> 

(15) 

O'a. 

(16) 


r 


riycTb TOHKH A,, A2, A3 onHCHBaioT B npocrpaHCTBe 


r 


2 > 


r 


3 


npOeKU,HH fil, 83, B 


Ha HJlOCKOCTb 
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^Ot] onHUiyx jihhhhTi, T 2 » Ts- 3th npoeKUHH Bi, HMeioT 

oTHocHTejibHo 0 oopeAejieHHbie ceKxopHajibHbie CKopocxii 

dSJdt, dS^ldt, dSJdt. Mo}kho noKasaxb, qxo 



rioA cpedneu ceKmopuaAbHOu cKopocmbto (hjih BSBeuieHHbiM 


cpeAHHM ceKxopnajibHbix CKopocxen) xoneK B 


2 > 


B 


3 


no- 


HHMaiOX BejIHHHHy 


1 


m 


m 


1 


dS^ 
dt 


,+ m 


dS 


2 


2 


dt 


+ m 


dS 


3 


3 


dt 


(18) 


(sAecb m = + m 2 m^). 

OopMyjia (16) noKasbiBaex, qxo cpednHH ceKmopauAbnan 
cKopocmb npoeKUfUU moneK Ai^ ^42, A 2 na njiocKocxb ^Ot] ocxa- 
excH nocxoHHHOH. AnajiorHHHO o6cxohx c npoeKUHHMH 

cpeAHefi ceKxopnajibHOH CKopocxH Ha jiK)6yK) Apyryio njioc- 
Kocxb. OxcioAa nojiyneHHbie nepBbie HHxerpajibi ABH>KeHHH (12) 
H (14) - (16) onpeAejiHiox HSMeHeHiie njiomaAeH, onncbiBae- 

Mbix npoeKUHHMH paAHycoB-BeKxopoB xoneK Ai, A 2 h A 3 . Oo- 
axoMy 3XH HHxerpajibi nasbiBaiox unmeepuAUMU riAomadeu. 

3. Hnxerpaji anepxHH. Ymhojkhm ypaBHeHHH 
ABH>KeHHH (5.1.10) 

^Ipl Fly p2 = F^y ^3 p3 = Fs 


• • • 

noHjieHHO CKajiHpno na pi, p 2 , Ps h cjiojkhm. ToxAa noJiynnM 


^IPl’Pl ^2P2*P2 ^ 3 ? 3'?3 


Fl'pl 


_J_ 


^^2 ‘ P2 A" F 2' Pz' 


npH noMomn (J)opMyji (1) h (11) h3 § 1 oxcioAa HaxoAHM 

1 d 


2 


^ (mip2 + tn^^l + mspp 


dU dii dU dr)i 


d 



1 


dt 


dT). 


dt 




• + 


dU dl 
dt, dt 


3 


dU 

dt 


rAe U 


onpeAejiaeTCH (J)opMyjioH (5.1.6). OrcroAa, HHterpH- 


pya, HMeeM: 


1 


2 


(niif‘\ + mjp^ +/n3p2) — U h. 


(19) 


FAe h — KOHcraHTa. 
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JleBaH HacTb paBencTBa (19) — KHHexHHeCKaH SHeprHH 
cHcreMbi. OopMyjia (19) Aaex Bbipa>KeHHe KHHexHqecKoft 3Hep- 

XHH Hepea CHjiOByK) (j)yHKUHK) 0, PaBeHcxBO (19) HasbiBaiox 

unmeapaAOM dnepauu (hjih HHxerpajiOM. >KHBbix chji). 


§ 3. OCHOBHblE OOPMVJlbl 3AAAHM 11 rPABMTMPyiOIUHX 
TOHEK B HHEPUMAJlbHOK CHCTEME OTCHETA 


Peayjibxaxbi, nojiyneHHbie Bbime cjiynan xpex rpaBH- 

XHpyioiAHX xoHeK, nepenocHXCH xpHBHajibHbiM odpaaoM na 
cjiynaft jiK)6oro HHCJia rpaBHXHpyioiAHX xoneK. IloaxoMy Mbi 


orpaHHHHMCH jiHUib (j)opMyjiHpoBKOH ocHOBHbix pesyjibxaxoB 

AJih 3X0X0 dojiee o6ii;ero cjiynan. 

1. riycxb O^T]C — HHepAHajibHan cncxeivia oxcnexa; 

{(^v, ^v)}, V = 1, 2, . . . , fly — CHCxeMa n xpaBHxnpyioiAHx 

MaxepHajibHbix xonex, p^ = OA^ — paAHyc Bexxop-xo^KH A^. 
JXBHTKeme 3xhx xonex onHCbiBaexcH CHCxeMoft n BexxopHbix 


AH(j)(j)epeHUHajibHbix ypaBHeiiHH Bxoporo nopHAxa 



XAe 



SAecb p 


vs 


paccxoHHHe Me>KAy xoHxaMH A^ b A 


2. OyHKUHH 




HasbiBaexcH cuAoeou (pyHKi{ueu cucmeMbi n moneK. C ee no- 
MoiAbK) MO}KHo Fy aanHcaxb xax: 



dU 


d 



i + 





V 


(4) 
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3 . CHCTeMy n BeKTopHbix ypaBHeHHH ( 1 ) mo>kho saMeHHXb 


CHCTeMOH 3 n CKaJIHpHbIX ypaBHeHHH 


d% 

dt^ 


dU 

dl. 


d\ 

’ ~dA 


(5 t 1 v ’ 


d% 

dt^ 


dU 

dL’ 


V 


1,2. n. 

(5) 


4. Us CHCxeMbi (1) BbixeKaioT cjieAyiouiHe saBHCHMocxH 

(nepBbie HHxerpajibi): 

a) HHxerpajibi ABH>KeHHH 6 apHueHxpa CHcxeMbi 


* V 

s 


m„p 


a. 


( 6 ) 


T! rn-^? 


at + b 


(7) 


(a u b 


nOCTOHHHbie BCKTOpbl); 3 TH HHTerpajIbl MOHCHO nepe- 


OHcaTb Tan; 


P 


c 


m 


a, 


P 


c 


m 


(at 


&). 


( 8 ) 


r^e Pc — pa;],Hyc-BeKTOp SapHuentpa C CHCTeMu, am — cyM- 

MapnaB Macca CHCxeMbi; 

6) HHTerpaji njiomaAeH 

S mv (p, X pj = a, (9) 

v-=l 


b) HHxerpaji anepran 




SnaHeHHH KOHCxanx a, &, a, A Moryx 6 bixb naHAenbi, ecjiH 

HSBeCXHbl KOOpAHHaXbl H CKOpOCXH XOHeK B HpOHSBOJIbHblH 
(«HaHaJIbHbIH») MOMeHX BpeMeHH 

5 . Ka>KAaH h 3 xpex BeKxopHbix saBHCHMOCxeft (6), ( 7 ), ( 9 ) 
MO>Kex 6bixb aaMenena xpeMH CKajinpHbiMH paBeHcxBaMH. Bce- 
ro, xaKHM o6pa30M, Mbi nojiyHHM CHCxeMbi (5) AecHXb nep- 
Bbix HHxerpajiOB. 
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6. XlecHTb nepBbix HHxerpajTOB CHCxeMbi, o Koxopbix Mbi ro* 

BopHjiH Bbiuie, HSBecxHbi y>Ke 6ojiee AByxcox jiex. HecMoxpn 
Ha MHoroHiicjieHHbie nonbixKH, b xenenne axoro BpeMenii He 
yABJiocb HaftxH HH OAHoro HOBoro nepBoro HHxerpajia, He hb- 
jiHiouierocH jiorHHecKHM c.ieACXBiieivi hs npeAbiAyuiiix. 

HeyABHii 3XHX nonbixoK OKasajincb ne cjiynaftHbiMii, h6o b 

KOHue XIX H Hanajie XX Bena 6biJio noKasano, hxo ecjiH ho- 
Bbie HHxerpajibi h cyuiecxByiox, xo ohh AOJi>KHbi 6bixb BecbMa 

CJIO>KHOH CXpyKXypbl. 

B 1887 roAy neMeuKiiH acxpoHOM h MaxeMaxHK F. Bpync 
AOKasaji cjieAyK)uj,yK) xeopeMy: 

Ecau Meowdy deKapmoeuMu KoopdanamaMu u KOMnonenmaMU 
cKopocmeu mpex esauMHO apaeumupyfoiyux MarnepauAhHux mo- 
HCK cyiyecmeyem aAaedpamecKaH saeucuMOcmb, mo ona odnsa- 
meAbHo ReAnemcH CAedcmeuem U3 useecmnbtx decnmu nepebix 
unmeapaAoe sadanu mpex men. 

3xy xeopeMy o6o6uinji na saAany n xeji, a saxeM yxoHHHJi 
(j)paHi];y3CKHH MaxeMaxHK O. OenjieBe. TeopeMa flenjieBe 
rjiacHx: 

Kaofcdbiu unmeapuA sadanu n me a, e Komopou exodnm ua- 
aedpamecKu {deKapmoeu) KOMnoHenmbi cKopocmeu apaeumupyw- 
lyax moHeK {KOopdanambL Moaym exodumb AwduM odpasoM, 
aAaedpauHecKu uau neaAaedpauHecKu), neAnemcH cAedcmeueM 
useecmubix demmu KAaccunecKux unmeapaAoe. 

7. Mbi BHAejiH, Hxo saAana xpex xeji cboahxch k pemeHHio 

CHcxeMbi xpex BOKXopHbix AHcj)(j)epeHL];HajibHbix ypaBHeHHH 
Bxoporo HopHAKa, a cjieAOBaxejibHo, agbhxh CKajiHpHbix ypaB- 
iieHHH BXoporo HopHAKa. 

B xeopHH AH(j)(|)epeHuHajibHbix ypaBHeHHH ycxanaBjiHBaexcH, 
Hxo sHaHHe Ka>KAoro HOBoro nepBoro HHxerpajia (b CKa- 

JinpHOH (|)opMe) HOSBOJinex noHHSHXb nopHAOK CHCxeMbi na 
eAHHHuy. 

SnaHHe agchxh nepBbix HHxerpajiOB saAann xpex xeji no3- 
Bojinex cBecxH ee k CHCxeMe BocbMoro nopHAKa (18—10). 
OcoOeHHOcxH cxpyKxypbi caMHx ypaBHeHHH aaAann xpex xeji 
HosBojiHfox cBecxH ee pemeHne k CHCxeMe mecxoro nopnAKa 

(h eu;e AByM KBaApaxypaM). 

• AnajiorHHHo peuienne aaAann n xeji cboahxch k pemenHio 
CHcxeMbi HopHAKa 6n. Ho anaHHe ee aochxh nepBbix HHxer- 
pajioB H ocoOeHHOcxH cxpyKxypbi ypaBHeniiH hobbojihiox CBe- 
cxH ee K CHCxeMe nopHAKa 6 az — 12, 

M. B. BajTK 
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3A;i,AqA n teji 


[TJl. V 


8 . B HacTOHLuee epeiviH paapaSoiaHhi AOCTaioMHO Moiij,Hbie 

MeTOAbi npH 6 .TH>KeHHoro pemenHH CHCieM oSbiKHoeeHUbix 

AH(|)(|)epeHL];Ha.ibHbix ypaBHCHHH. B nacTHOCTH, h CHCTeiviy ahc})- 

(|)epeHL];HajibHbix ypasHeHHH sajxsmii xpex xeji mo>kho peuiHXb 

npH6jiH>KeHHO A*/iH JiK)6oro saAaHHoro KOHennoro npoMe>KyTKa 
BpeMeHH. npH 3T0M c yBejiHHeHHeM npoMe>KyTKa BpeMeHH 

SHaHHxejibHo BoapacTaex oSiDeM BbiHHCJiHxejibHOH pa 6 oTbi. 3a- 

AaBUIHCb Haqa.lbHblMH ASHHblMH fKOOpAHHaxaMH H KOMHOHeHXa- 

MH CKopocxen xpex rpaBHXHpyK)uj,HX xoneK m^), {A 2 , 

(/1 3 , m 3 )], Mbi Mo>KeM nocjie neKoxopoft cepnH apH(j)MexHqecKHx 

obiHHCJieHHH HaHXH KOOpAHHaxbi Ka>KAOH H3 3XHX xoHeK Hepes 

BnpeAejieHHbie (Majibie) npoMe>KyxKH BpeMeHH. fljiH Apyroro 
Hadopa HanaAbHbix ASHHbix xpeSyexcH, BOo 6 uie roBopn, Becb 

pacHex npoHSBecxH sanoBO. 

§ 4. ABH>KEHME n MATEPHAJlbHblX TOHEK 
OTHOCMTEJlbHO MX BAPMUEHTPA 

1 . j],Hc{)({)epeHL];HajibHbie ypaBHeHHH 

saAaHH H nepBbie HHxerpajibi. JIoa ABH>Ke- 
HHeM CHCxeMbi xoneK oxHocHxejibHo neKoxopoft xohkh C Mbi no- 
HHMaeM ee ABH>KeHHe oxHOCHxejibHo npHMoyrojibHoft CHcxeMbi 

KOopAHHax CXYZ c HaqajioM b xoMKe C h ochmh, coxpaHHio- 

LUHMH HeHSMeHHbie HanpacjieHHH b npocxpancxBe. 

BosbMeM B KaqecxBe xohkh C 6 apHi];eHxp (uenxp Macc) Ma- 
xepHajibHbix xoqeK {A^, {A^, m^), . . . , {An, tUn). 

HapHAy c CHcxeMOH oxcnexa CXYZ paccMOxpHM nHepuHajib- 
Hyio CHCxeMy oxcnexa 0^r|^; nycxb cooxBexcxByiOLAHe Koop- 

AHHaxHbie ocH 3XHX cHcxeM OAHHaKOBO HanpaBJieHbi. BBeAeM 

—> — > — > 

o6o3HaiieHH5i: 0A„ = pv, CA^ = /?„, OC = pc, A^As = Rvs 

(v, s = 1,2,. . . , n ). Hcho, 'ito 

Pv = pc + /?v. (1) 

B cHCTCMe oTCMeTa 0^r\^ HMeer mecTO BTopoft aaKOH Hbroxo- 

na. OosTOMy 

WvPv = Fv, V = 1, 2, . . . , rt, (2) 

rAe 

~ Pv)- (3) 

S = l 
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§ 4 ] 

Ho 

Ps — pv = (Pc -I- Rs) — (Pc+ /?v) = Rs — R., 

cjieAOBaTejibHo, 

= (4) 

o 1 A vs 


B CHjiy paseHCTBa (1) 

• f • # • • 

Pv = Pc + R^,. (5) 

Hs HHxerpajia abh^chkh dapHuenipa CHCxeMbi (5.3.8) CAe- 

• • _ # • • # 

Ayex, HTo Pc = 0. OosTOMy p^ == /?v h, cjieAOBaTejibHo, (j)op- 

Myjibi (2) npHHHMaioT bha 

• • 

mv/?v = /^v, V 1, 2, . . . , Az. (6) 

HiaK, ABH>KeHHe n paccMaxpHBaeMbix xoneK b CHcxeivie 
oxcHexa CXYZ onHCbmaexcH CHcxeMOH n AH(|)(|)epeHUHajibHbix 
ypaBHeHHH (6), xAe (|)yHKL];HH onpeAejiHioxcH (|)opMyjioH (4). 

Ho (|)opMyjibi (6) H (4) Moryx 6bixb (|)opMajibHO nojiy^enbi 
cooxBexcxBeHHO H3 (|)opMyji (5.3.1) h (5.3.2), ecAH b nocAeA- 
HHX nonpocxy saivieHHXb 6yKBy p c HHAeKcaMH 6yKBOH R 
c xeMH >Ke HHAeKcaMH. Hooxoiviy ecAH b KaKOM-AH6o AorH^e- 
CKOM CAOACXBHH H3 (|)OpMyA (5.3.1) H (5.3.2) (|)OpMaAbHO 3aMe- 
HHM p Ha /?, xonoAyqHM AornnecKoe cAOACXBHe h 3 (j)opMyA (6) 

H (4). B HacxHOcxH, B CHcxeMe oxcnexa CXYZ hmoiox Mecxo 

SaBHCHMOCXH, aHaAOXHHHbie COOXHOmeHHHM (6) — (10) H3 § 3 
(ho c ApyrHMH KOHcxaHxaMH, ^eM B CHCxeMe oxcHexa O^t]^): 

2 = ai (7) 

V^l 

(sAecb Kv = .^v), 

2 = ait + bi, ( 8 ) 

v=l 

2 tn^ (/?v X Kv) = Oi, (9) 

v=-i 

2 myl = u + h, ( 10 ) 

v=l 


12* 
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3AJIAHA n TEJl 


[rji. V 


rAe 


h 


CKa.THpnaH KOHCTaHia, Ui, &i, 


nOCTOHHHbie 


BeKTOpbi, a 


f/ = / > 


triym. 


V. S ::l 


R 


( 10 ') 


VS 


BejiHqHHbi 


m 


2 ^v/? 


H 


/7Z 


2 


m.V 


n p eACTaBji HiOT co6o ft 


paAHVC-BeKTOp H CKOpOCTb dapHUCHTp 


paccMaxpHBaeMOH ch- 


j/ 


iV 


C. Ho npH HameM cneuHaJibHOM Bbi- 

6ope CHCxeMbi KOopAHnax xoq- 

Ka C Bce BpeMH ocxaexcn Hana- 
jiOM KoopAHHax, xaK qxo o6a 

3XH BOKXOpa HeHSMeHHO paBHbl 


Hyjifo: 


2 ^^v/? 


0 , 


(II) 




V -^1 




4 




2 


0 . 


( 12 ) 


Phc. 5.3. 


2. j!XBH>KeHHe 


ABy X 


MaxepHajibHbix xoneK 


oxHocHxejibHO HX 6apHueHxpa (pHC. 5.3). 


Hycxb xoqKa C 


6apHueHxp AByx MaxepHajibHbix xoqeK 


(Ai, rui) H {A^y m^). HjiocKocxb, b Koxopoft npoiicxoAHX ABH>Ke- 
HHe OAHoft H3 AByx xoHeK oxHOCHxejibHO Apyroft, npHMeM 3a 

njiocKOcxb XCY, j[XH(j)(j3epeHUHajibHbie ypaBHeiinn ABH>KeHHH 
3XHX xoHeK [cm. (6) H (4)1 npHMyx bha 


d^Ri 

dt^ 


/■ 


m 


RI 2 


{R 


Ri), 


(RR 

dP 


A 12 


R,) 


(13) 


OopMyjia (11) aannuiexcH xan: 

^i/?i H"" 


0 


(14) 


Ona Bbipa>Kaex xox HBBecxiibift (j)aKx, hxo dapnuenxp AByx 
MaxepHajibHbix xoneK jie>KHX na oxpeaKe, coeAHHHiomeM 3 xh 
TOHKH, H ero paccxoHHHH ox 3XHX xoHeK odpaxHO nponop- 

UHOHajibHbi HX MaccaM («npaBHjio pbinara ApxHMeAa»). 
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OopMyjia (12) Aaex 



mjVj + 

m^V 2 -- 

= 0, 

(15) 

oxKyAa, B nacxHocxH 

, BbixeKaex, nxo 




Vi : m 2 

= V,: 

nil. 

(16) 

OopMyjia (15) — 

3X0 «npaBiijio 

pbinara j^jin 

CKOpOCXeH». 


Oea noKasbiBaeT, hto npH ABH>KeHHii AByx MaiepHajibHbix 
ToneK OTHocHxejibHo dapHuenxpa eeKxopbi nx CKopocxeH b 
Ka>KAbiH MOMeHX HapajiJiejibHbi h npoxHBonojio>KHO HanpaBJie- 
Hbi. rio BejiHHHHe CKopocxH MaxepHajibHbix xoHeK o6paxHo 
nponopuHOHajibHbi hx MaccaM, xax nro «6ojiee x5i>KejiaH» 
MaxepHaJibHan xoHKa ABH>Kexc5i (oxHocHxejibHo 6apHueHx- 
pa) c MeHbiiieH jiHHeftHOH cKopocxbio. Hs (2) cjieAyex, ^T0 

HoaxoMy 

^2 ’ 


xo ecxb yrjiOBbie CKopocxH xonex ^4^ h ^42 b Ka>KAbiH momckx 
B peMeHH paBHbi Me>KAy co6oh. 


Hnxerpajibi aHepxHH h njioiAaAefi aanHiijyxcH xaK: 


I 


{m,Vl + 


2 


2 




R 


(17) 


12 


H 


/7Z| (/?i X l) ~1~ ftl^ (/?2 X 1 ^ 2 ) 


a. 


(18) 


riocjieAHee ypaBHeHHe nepenHUieM b CKajinpHofi (|)opMe. Benxop 
/?i X HanpaBJieH nepneHAHKyjinpHO k njiocKOcxH CXY 

H paBeH yABOeHHOH CeKXOpHajIbHOfi CKOpOCXH XOHKH AI OXHO- 

CHxejibHo dapHueHxpa C: 


a BeKxop /?2 X V 2 paBeH yABoennoH ceKxopnajibHOH CKopocxH 
xo^KH A2 H xo>Ke HanpaBJieH nepneHAHKyjinpHo k haockocxh 


/?2 X V 2 
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SAAAMA n TEJT 


[r/i. V 


Ho B TaKOM cjiyqae h BeKTop a HanpaBJieH nepnenAHKyjiHpHO k 


nJIOCKOCTH 

CXY. 

Hycxb 

1 / dSi 

m \ at 

C/ 1 S 2 ^ 


0 

— 

^ dt ! 

* 

' 2m’ 


— (m,5 
m 

1 

h 


or 


afe; 


r^e m 


a 


2m 



Tor;;a 


nojiyqHM 


m 


1 


^2. 


oTKyAa 



(19) 


B nocjieAHeM paBencTBe 5^ h S 2 — njioiuaAH ceKTopoB, saivie- 
xeHHbix paAHycaMH-BeKTopaMH CAi h CA^ sa BpeMH, nporeK- 

mee ot MOMeHTa ao MOMeHxa t. 


Hhcjio — im.S 

m ^ ^ 


s 


HasbiBaexcH cpeAHHM sHaneHHeM 


HJIH BSBeUieHHblM CpeAHHM 3XHX njIOLAaACH. 

TaKHM odpasoM, corjiacHO(|)opMyjie (19), cpeAnee sHaneHHe 

njiouiaAeft, saMexeHHbix paAHycaMH-BeKxopaMH CA^ h CA^ 
AByx BsaHMHo rpaBHXHpyioLAHx MaxepHajibHbix xoneK [A^, 

H (/12, ^2), nponopuHOHajibHo BpeMeHH, b xeneHHe Koxoporo 
3XH HJioLuaAH 6biJiH saMexeHbi. 3xo — HOBbifi BapnaHx Bxoporo 

saKOHa Kenjiepa. 

OopMyjia (14) nosBOJinex HafixH op6HXbi, Koxopbie 6yAyT 

OHHCaHbl MaxepHaJIbHbIMH XOHKaMH H /I 2 OXHOCHXeJIbHO HX 

6apHueHxpa C. 

XleHcxBHxejibHo, H3 (14) cjieAyex, hxo 






m 2 



riosxoMy [cm. (13)] 

dPRi ^ Ri 

dP ' {triy + p? 


HJIH 







3 

2 


(m, + ■ 
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B rjiaee II mm y>Ke BCTpeMajiHCb c ypaBHeHHHMH bhab 






H y6eAHJiHCb, HTo ecjiH ABH>KeHHe tohkh onpeAejinexcH ypae- 
HeHHeM BHAa (22), to xpaeKTopHH tohkh — KOHHHecKoe cene- 

HHe c (|)OKycoM B Hanajie KOopAHHax. 

HxaK, MamepuaAbHaR moHKa mA 6ydem deuaamhCH 
omnocumeAbHO dapuyen/npa C maK, kuk ecAu 6bi ona duAU ne¬ 
ap ummueatomuM cnymnuKOM eoodpaotcaeMOU seesdbi, noMeiyen- 

Hou e dapuyenrape C u UMewiyeu apaeumai^uoHHbiu napuMemp 



AnajiorHHHO 6yAex ABHraxbCH h xo^Ka /12 , ho b oxHomeHHH 
ee cJieAyex nojiaraxb, hxo (|)HKTHBHaH SBesAa, Koxopan noMe- 
uxena b 6apHueHxpe C, HMeex y>Ke Apyrofi rpaBHxauHOHHbifi 
napaMexp, a HMeHHO 



OopMyjia R2 = — noKasbiBaex, hxo opdHXbixoneKAi 

H y42 oxHocHxejibHo Hx SapHueHxpa roMOxexHHHbi (ueHxpaJibHo 

noAo6Hbi) H K03(|)(})HUHeHX noAo6HH paBeH — OosTOMy, 

3 HaH Op 6 HTy OAHOH H 3 3 XHX TOHCK, JieXKO HafiXH Op 6 HTy 

Apyroft. 

BbiHCHHM CBH3b Me>KAy op6HxoH T xoHKH omHocumeAb- 
Ho moHKu A 2 n op6iiTofi y xohkh A^ omnocumeAbno daput^enm- 
paC. BMecxe c tohkoh odpauxaeTcn BOKpyr xohkh A2 h xoh- 

Ka C. BaeAeM o 6 o 3 HaHeHHH: A2^ — ocb ancHA opdHXbi F, 

— > 

^2^1 = r, XA2A I = 0. TorAa ypaBHeHHe op6HXbi F mo>kho 
6yAex aanHcaxb b bhag 



P 

I + e cos 9 
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saaaha n TEJi 


[rji V. 


OTKyAa 


riosTOMy 


FAe 



AHaAorHMHO MO>KHo noKasaxb, mto 



(25) 


(26) 


(27) 


TaKHM ofipasoM, 

Pi • P2 • P = ^2 • • (^1 + ^2)- (28) 

SKCueHTpHCHTeibi >Ke y Bcex xpex op6HX oAHHaKOBbi. TaKHM 
o6pa30M, ABe MaxepHaAbHbie xohkh m^) h onu~ 

cbteawtn eoKpya ax daput^enmpa C KonmecKue ceneHUH moil ofce 
(popMbLy Hmo u op6uma moHKu Ai omnocumeAbHo moHKu A2. 
OxHomeHHe tkq pasMepoB sxhx op6HX BnoAHe xapaxxepHsyex- 
CH cooxHomeHHeM (28). 

3. JlarpaHHceBbi ABHHceHHH. Mbi bhacah 
B bime, Hxo fiAaroAapH BsaHMOAeftcxBHK) AByx MaxepHaAbHbix 

XOHeK Ka>KAaH H3 HHX ABHHCeXCH OXHOCHXeAbHO HX 6apHUeHXpa 

xaK, KaK ecAH 6bi OHa npHXHXHBaAacb neKoxopoft MaccoH, noMe- 
iiieHHOH B 6apHueHxpe. 

AHaAoxHHHo o6cxohx agao b HeKoxopbix CAynanx npH Ha- 
AHHHH xpex H 6oAee rpaBHxiipyioiuHX MaxepnaAbHbix xonex. 
Eiue B MeMyape, ony6AHKOBainioM b 1772 roAy, H3Becx- 

HbiH (})paimy3CKHH MaxeMaxHK Jl. Jlarpai™ HiixepecoBaA- 

CH XaKHM BOnpOCOM! KBKHMH 0C06eHH0 CXHMH AOA}KHO oSaB- 
Aaxb ABH}KeHHe xpex B3aHMHO XHrOXeKDLUHX MaXepHaAbHbIX 

xoHeK (Ai, nil), {A2, tnA, (/I3, m3) aah xoro, Hxo6bi paccxoHHHH 
MeACAy HHMH B xeHeHHe Bcero ABHaieaHH ocxaBaAHCb paBHbiMH, 


<5 4] 
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TO eCTb HT 06 bI B J 1 K) 60 H MOMeHT BpeMeHH 


R 


12 


R 


23 


^31- 


(29) 


OKasbiBaeTCH, hto e stnoM cjiynae tnoKKa A ^ dydetn dBiiecLtnbCH 


omnocumeAbHG bapuyeHtnpa < 
(/1 3 , /TZg) e moHHOcmu maK Me, 
KQK ona deueuAucb 6bi, ecAU 6bi 
dbiAU uenpumHaueawiyuM cnym- 

HUKOM eoodpaMaeMOU seesdbi, 

noMemeHHou e dapuyen/npe C a 


dapuueHmpa C monefc {A^, (A 




ty 


ccy 


Ml 


(m 


ml 


(mi 


m 


tn^tns) 
1- ms)‘ 


3 


/ 2 








/f 


(30) 


JXoKayKeu sto. ByAeM npHAep- 

>KHBaTbCH o603HaMeHHH, OpH- 

HHTbix B HaMajie SToro naparpa- 
(ba. B HameM cjiy^ae [cm. ( 4 )] 


Phc. 5.4. 


Fi 


fm. 


^2 


(/?2 


Rl) 


m. 


(/?; 


Rl) 


TaK KaK R 


13 


R 


12 


H mi/?i + rn^R. + 




4 


0, TO 


Fi 


mi 

Ml - 


mo 

^?2 


m 


/?! 


Ho Tax Kax C 


fiapHUCHTp TOMex (i 4 i, mi), (A2, m2), 


{A 3 , m 3 ) (pHC. 5.4), TO 


(mi 


m 


^ 3 )^ 1 ^ 


mii4ii4i + m2i4ii42 + m3i4ii43. 


Bosbcacm o6e MacTH nocjicAHero paBCHCTBa cxajinpHo b 
XB aApaT H yHTCM, mto 

i4ii4i = 0, i4ii42 — i4ii43 = ^i2» AiC — /?i. 

ToPAa noAyMHM*. 

(mj + m 2 + ms)^/?! = (m 2 + m 3 + m2m3)/?i3. 
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3AAAHA n TEJT 


[rjT. V 


CjieAOBaxejibHO, 




Tax MTO 



Tax xax no exopoMy saxony HbKDxona Fi = (FRJdf, 
xo ypaBHenne ABH>xeHHH xonxn HMeex bha 



TAe Ml onpeAOvXHexcH (}) 0 pMyji 0 H (30). Ho sxo h ecxb ypaBHenne 

ABH>xeHHH HenpHXHTHBaiOLuero cnyxnnxa oxHocnxejibHO xon- 
XH C, B xoxopoH noMemena Macca Mi. CnpaBeAJiHBOcxb Bbicxa- 
sannoro Bbime npeAnoAo>xeHHH Aoxasana. Ana/iornnHo oOcxonx 
AeAO H c xonxaMH n A^. Flpn (})opMyjia (32) nepexo- 

AHX B (}) 0 pMyjiy (20). 

y>xe B XX cxojiexHH (j)paHuy 3 cxHH acxpoHOM AnAyane n 
HeMeuxHH MaxeMaxnx KapaxeoAopn noxasajin, nxo ABHJxenne 
xpex MaxepnajibHbix xonex, npn xoxopoM Bce Bpeivin cofiAKDAaex- 
CH ycjioBHe (29), oOnsaxejibHo aoa>xho nponcxoAHXb b oahoh 
H xoH >xe HensMeHHeMOH njiocxocxn. 

JXj\^ xoro nxo6bi ycjiOBne (29) BbinojiHHJiocb b xenenne 

Bcero BpeMeHH ABH}xeHHH, neoOxoAHM cneunajibHbin Bbi 6 op 
«HanaAbHbix» snanennH cxopocxen MaxepnaAbHbix xonex Ai, 
A2, A3. Mbi onycxHM sAecb AoxasaxeAbcXBO xoro, nxo xaxon 
Bbi 6 op «HanajibHbix» cxopocxen B03M0>KeH. 

npH cofijiKDAennn b xenenne Bcero Bpeivienn ABn}xeHnH yc- 
jiOBnn (29) paccxoHHnn Me>XAy MaxepnajibHbiMn xonxaMn mo- 
ryx MeHHXbCH, ho ohh ocxaioxcn nonapHo paBHbiMn Me>XAy 
C 060 H. Mo>xho noxasaxb, nxo b sxom cjiynae xpn xonxn onncbi- 
BaKDX nododhue xoHnnecxne cenennH oxHocnxejibHo Oapnuenxpa. 

Bo 3 MO}xho .xn xaxoe ABHJxenne xpex MaxepnaAbHbix xonex, 
npn xoxopoM coxpannioxcH nensMeHHbiMn omHotuenuH paccxon- 
nnn Me>xAy sxnMn xonxaMn? Mo>xho noxasaxb, nx(; b sxom 
CA ynae neofixoAHMO, nxofibi xpn xonxn An 6 o Bce BpeMn 6 biAn 
Ha paBHbix paccxoHHHHX Apyr ox Apyra, ahSo Ae>xaAn na 
OAHOH npHMon (b nocAeAweM CAynae noAOJxenne xpex xonex 

He Mo>xex 6bixb nponsBOAbHbiM). 
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§ 5. flBH>KEHME CMCTEMbI tl MATEPHAJlbHblX TOMEK 
OTHOCMTEJlbHO 0flH0^1 M3 HHX 

1. PaCCMOTpHM CHCTeMy n BSaHMHO rpaBHTHpyKDLUHX Ma- 
TepnaJibHbix tomek m^), . . . , {An-i, run-^). 

HaMajio KoopAHHax Bbi6epeM b xoHKe i4o, och KOopAHHax Bbi- 
6epeM xaK, Mxo6bi ohh coxpaHHJiH nocxoHHHoe HanpaBJieHHe 
B npocxpaHCXBe. 



Phc. 5.5. 


B 3XOM naparpa(})e Mbi BbiBeAeM AH(})(})epeHUHajibHbie ypaB- 
HeHHH, onpeAejiHiOLUHe ABH>KeHHe MaxepHajibHbix xo^ex oxho- 
CHxejibHo yKasaHHOH sAecb cHCxeMbi oxc^exa. 

fljiH npocxoxbi orpaHHHHMCH cHaMajia cjiy^aeM xpex xo^ex 

(^0, tn^), (^1, mi), (^2, m 2 ). 

HapHAy c CHcxeMOH oxc^exa/lo-^y-^ (pwc. 5.5) cochmh, nocxo- 

HHHO OpHeHXHpOBaHHbIMH B BpOCXpaHCXBe, paCCMOXpHM 6111 , 6 - 

CHCXeMy 0XCM6Xa CXYZ, HM6K)LUyK) CBOHM HaMajTOM 6apH- 
U6HXp C Xp6X ASHHblX XOM6X H OCH, OAHHaXOBO HanpaBJI6HHbI6 
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c ocHMH cHCTeMbi A^xyz. nycTb 


R 


/?o» CAi — /?!, CA 


/? 2) A lA 


R 


12 


01 


^0^1 


ri, R 


02 


^0^ 


^2) ^0^ 


tn 


mo + mi + m2. 


/•i2, (1) 

/•c, (2) 

(3) 


TaKHM o6pa30M, 


rc 


Ro^ ^ 1 


Ri 


R 


0» 


r 


R 


R 


0» 


(4) 


rc 


tn 


{m.r. 


m,r^, 


(5) 


r 


R 


Rn- 


( 6 ) 


Hs (j)opMyji (5.4.6) h (5.4.4) hcho, hto b jianHOM cjiy^ae 


R 


f 


fflp 

Rl, 


(R 


R 2 ) 


m 


R-2 


riRi 


R 2 ) 


Hcnojibsya paBeHcrea (1), (2), (4), no.nyHHM: 


R 


/ 


m. 


r 


I ^1 / 

+ >T^ ('•1 

12 


^ 2 ) 


(7) 


AnajiorHMHO ./lerKO noKasarb, hto 


R 


f 


tn 


tn 


Ilk r 4- - irL r 

rZ ^ fZ 

1 2 


( 8 ) 


Ha (6) 


(8) BbiBOAHM AHcjxbepenuHajibHoe ypaBHenHe ASHHce- 


HHH TO^KH A~ OTHOCHTejIbHO An'. 


d^r 


2 \ 12 


r 


n 


(9) 


CoBepmeHHo TaKHe >Ke paccy>KAeHHH oosbojihiot nojiyqHXb 


AH(})(})epeHij;HajibHoe ypaBHenHe ABH}KeHHH tohkh A 


dt^~ 


p mo 4" mi , p 

/ 7 - 3 — — ^1 + M 


r2 


fi 


12 


’■i 


• ( 10 ) 


2. BbIHCHHM (|)H3HHeCKHH CMbICJI OTAejlbHblX HJieHOB ypaB- 

HeHHH (9). ycjiOBHMCH 3Aecb Ha3biBaTb MarepnajibHyK) Tonxy 
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{Ao, ^o) ueHTpajibHbiM TejioM, MaTepHajibHyio TOMKy (^42, m 2 ) — 
cnyTHiiKOM ueHipajibHoro xejia (i4o, mo), a MaiepHajibHyio 
TOHKy (/li, trii) — BOSMyuiaiouiiiM xejioM. 

Ecjih 6bi BosMyLuaiouiero xejia BOBce iie 6biJTO, xo cnyxHUK 
noA BJiiiHHneM ueiixpa.nbHoro xejia nojiyqnji 6bi ycKopeHne 



Hs-sa BMemaxejibcxBa BosMymaiomero xejia cnyxHHK nojiy- 
Maex AonojTHiixejibHoe ycKOpenne 



3x0 AonojiHHxejibHoe ycKOpeHHe ® npe^cxaBjinex co 6 oh ne- 
Koxopyio pasHocxb*. 



yMeHbuiaeMoe b = fm^ (ri— r ^/ r ^ mo>kho sanHcaxb xaK: 


b=-fm,^f. ( 13 ) 

' 32 

4 

Bexxop b — 3X0 ycKopeuHe, Koxopoe nojiyqHji 6bi cnyxHHK, 
ecjiH 6bi Ha Hero BOSAeftcxBOBajio xojibko B03Myuj,aioui,ee xejio, 
a caM OH H ueiixpajibHoe xejio noxepHjiH 6bi cnoco6HOcxb npH- 

XHTHBaXb. 

BbiHHxaeMoe b Bbipa>KeHHH ( 12 ) 



— 3X0 ycKopeHHe, KOxopoe coo6maex B03Myu],aioui,ee xejio 
UeHxpajibHOMy xejiy. 

TaKHM o 6 pa 30 M, donoAHumeAbHoe ycKopenue Komopoe 
noAijHaem cnymnuK us-sa eMemameAbcmea eosMyiyawmeao meAa, 
paeno uadbimKy ycKopenun, coodiyacMoao eosMyiyawiyuM meAOM 
cnymnufcy, Had ycKopenueM, coobiyaeMbiM eosMyiyafoiyuM me- 
AOM yenmpaAbHOMy meAy..Ylpi\ 3xom HMeexcH b BHAy, hxo 1 ) Ka>K- 
Aoe H 3 3 XHX ycKopeHHH paccMaxpHBaexcH npH abhjkohhh ox- 
HocHxejibHo B 03 Myui.aK)ui.ero xejia, 2 ) npH BbiHHCAeHHH 3xhx 
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ycKopeHHH ueHTpajibHoe Tejio h cnyiHHK paccMaxpHeaioTCH KaK 
HenpHTHTHBaKDlUHe (a JIHUIb npHTHTHBaeMbie) TOHKH. 

3. CHCTeMa AByx BOKTopHbix AH(})(})epeimHajibHbix ypaB- 

HeHHH (9) H (10) paBHOCHJlbHa CHCTeMe H3 UieCTH CKaJlHpHblX 

AH(})(})epeHUHajibHbix ypaBHeHHH BToporo nopnAKa. Ecjih b ch- 
CTeMe OTCMexa A ^xyz tomkh A^uA 2 HMeiOT cooTBexcTBenHO Koop- 
AHHaxbi x^, y^, x, z, xo ecxb 



ypaBHeHHH (9) H (10) MO>KHO 3aMeHHXb meCXbK) CKajIHpHbl- 


MH ypaBHeHHHMH: 


d^x 

dP 

d^y 

dt^ 


^z 

dt^ 


d^Xi 

dt^ 

d^y. 


dt 


2 


d^Zi 


dt 


2 


fTl 


m 


2 


'■I 


X 


Mi 


X 


1 


X 


12 



m 


0 


m. 


2 




y + Ml 


i/i 


y 


r 


3 

12 



+ tn 


2 


r 


3 

2 


z 


Ml 


Z 


1 


z 


12 



m 


0 


m 


1 




X 


1 


fm 


X 


X 


1 


2 


12 


m 




m 


1 




yi 


fm 


y 


yi 


2 


12 



m 


0 


m 


1 


r3 


z 


1 


fm^ 


z 


z 


1 


r 


3 

12 


X 


1 


"l 


yi 


1 


z 


1 




X 


>■1 

y_ 

A 

z 


\ 


1 


. 




' J 


1 


(15) 


• 1 


(16) 


/■3 /■ 

2 


m 

J 


B xex cjiynanx, Koxopbie HHxepecHbi ajih KOCMonaBXHKH, 

OAHO H3 xpex xeji (KocMHHecKHH annapax) HMeex hhhxo>kho 
MajiyK) Maccy no cpaBneHHK) c AByMH ApyrHMH xeAaMH (na- 
npHMep, m 2 npeHe6pe>KHMO Majio no cpaBneHHK) c mo n m^), 
rioaxoMy AonycxHMO nojiaraxb / {m^ + m 2 ) /mo = Ko^ 
FAC Ko — rpaBHxauHOHHbiH napaMcxp uenxpajibnoro xeAa 
{Aq, mo). KpoMe xoro, ABH}KeHHe B03Myui.aK)ui.ero xejia A^ ox- 
HOCHxejibHO uenxpajibHoro xena mo>kho cnnxaxb H3BecxHbiM — 
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KOCMHHecKHH annapax tn^ npaKXHMecKH He BJiHHex na 
ABH>KeHHe B03MymaK)mero xejia (^4^, m^). FIoaxoMy saAana on- 

peAejieHHH ABHH^eHHH KOCMHHecKoro annapaxa cboahtch k 

pemeHHio CHCxeivibi xpex ypaBHeHHH Bxoporo nopnAKa (15). 

4. OopMyAbi (9) H (10) HexpyAHO o6o6LUHXb na CAynaft 

CHCxeMbi H3 AK)6oro HHCAa MaxeppiaAbHbix xonex. Flycxb pac- 
CMaxpHBaexcH ABH}KeHHe n BsaHMHO rpaBHxnpyioiAHX Maxe- 
pHaAbHbix xoHeK (i4o, mo), {A-^, m^), . . . , (An-u f^n-i) b 

CHCxeMe oxcHexa c HanaAOM i4o h c ochmh, co- 

XpaHHKDLUHMH HeHSMeHHyK) OpHeHXaUHK) B A^^CnyfDHUn 

npocxpancxBe. BBeAeM o6o3HaMeHHH: 



ToxAa ABH>KeHHe paccMaxpHBaeMbix 


xepHaAbHbix 


o 


Hd)d)epeHUHaA 


n — 1 Ma- 

cAeAyKDLueH 


ypaBHeH 


o 








V 



Phc. 5.6. 


5 . n p H M e p. riycxb b KaKOH-xo MOMeHX BpeMeHH Kpy- 

roBOH HCKyccxBeHHbiH cnyxHHK JlyHbi HaxoAHXCH Ha npoAOA- 

>KeHHH oxpesKa, coeAHHHKDmero uenxp 3eMAH c uenxpoM Jlynbi 
(pHc. 5.6). KaxHM ofipasoM noBAHnex npHXH>KeHHe 3eMAH na 

ABH>KeHHe CnyXHHKa OXHOCHXeAbHO JlyHbl? 

B KanecxBe uenxpaAbHoro xeAa b ashhom CAynae BbifiHpa- 

eM Jlyny; 3 eMAH dyAex B 03 Myii],aK)ui.HM xeAOM. BAaroAapH 

HaAHHHfo 3eMAH CHyxHHK HOAyHaex AonoAHHxeAbHoe ycKope- 

HHe O. rioACHHxaeM ero. OfiosHaMHM nepes ^4^ h i4o uenx- 

pbi 3eMAH H JlyHbi, Mepes A^ cnyxHHK, nepes k opx Bexxo- 
pa i4ii4o, Hepes mo, m^, Maccbi Jlynbi, Bemah h cnyxHHKa. 
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TaKHM ofipasoM, c tomkh speHHH jiyHHoro HafijiKDAaxejiH, 
BHAHLuero cnyxHHK b seHHxe, fijiaroAapn npHXH>KeHHio 
SeMJiH cnyxHHK nojiyMaex AonojiHHxejibHoe ycKopeHHe om Jly- 
Hbi, SeMjiH KaK 6bi oxxajiKHBaex cnyxHHK A2, ox JlyHbi! 


§ 6. MHTErPAJl nJlOlIlAflEfl H HHIEPPAJl SHEPEHH 
B OTHOCHTEJlbHOM flBM>KEHHM 

1 . B npeAuiecxByKDLueM naparpa(})e mm HHxepecoBajiHCb abpi- 
^enHEM CHCxeMbi xpex MaxepnaJibHbix xoMex oxHocHxejibHo 

OAHOft H3 HHX. 

SAecb Mbi 6yAeM paccMaxpHBaxb ABH>KeHHe oxHOCHxeAbHO 

npouseoAhHou deuotcymeucH e npocmpanctnee xomkh N. ToMHee: 




k 


L 


/I. 



nycxb B npocxpaHCXBe bm- 
fipana HeKoxopan npHMo- 
yrojibHan CHCxeMa Aexapxo- 
Bbix KOOpAHHax Nxyz, bo- 
o6LU,e roBopH, HeHnepuHaAb- 
Han, HO HMeiOLuan och, no- 

CXOHHHO OpHeHXHpOBaHHbie 

B npocxpaHCXBe (pHC. 5.7). 


Hnane 


roBOpH, CHCxeMa 


ABH>KeXCH OXHOCHXeJlb- 


u 


o 


HO KaKOH-XO HHepUHaJlbHOH 

CHCxeMbi xojibKO nocxyna- 
XeAbHO, xo ecxb xaK, hxo 

Ka>KAaH H3 oceft Nx^Ny^Nz 


o 


Phc. 5.7. 


ocxaexcH «napajiJieAbHOH ca- 

MOH ce6e». 

n p H B eACM H a r J1H AH bl H 


npHMep xaKOH CHCxeMbi ox- 

CHexa. riycxb HafijiKDAOHHH 

3a ABH>KeHHeM CojiHua, SeMjiH h Jlynbi BeAyxcH b kocmh- 
HecKOH o6cepBaxopHH, nepeMeui.aK)ui,eHCH b oKOAocoAHennoM 
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$ 61 HIITETPA.n n.nOmAAEn h hhiet^^aji shepthh 

npocTpaHCTBe noA BosAeftcTeneM KaKoro-TO ABHraxejiH (bha 

ABHraxejiH, pe^HM ero pa6oxbi Hac SAecb He HHxepecynDx). 

KaKOBO 6yAex ABH>KeHHe 3 xhx xpex xeji c xohkh speHHH na- 

fijiioAaxejiH xaKoft oficepBaxopHH? B AaHHOM cjiynae HanajiOM 

CHCxeMbi N cjiy>KHx Ha6jiK)AaxejibHbnT[ nyHKX KocMHHecKoft 
o6cepBaxopHH, a och KoopAHHax AOJi>KHbi HMexb nocxoHHHyK) 
OpHeHXaUHfO OXHOCHXe.abHO «HenOABH>KHbIX» 3Be3A. 

B 3XOH CHCxeMe oxcnexa Me>KAy KOOpAHHaxaMH h cKOpocxH- 
MH xoHeK Aq, a I, A 2 cyuiecxByKDx HeKOXopbie 3aBHCHMOCXH, 
Koxopbie Mbi ceHHac nojiyHHM. 

Hycxb C — 6apHueHxp MaxepnajibHbix xoneK (/lo, ^Iq), 
{Ai, mi), {A 2 , m 2 ). PaccMOXpHM CHCxeiviy oxcnexa CXKZ c Ha- 

HaJlOM B XOHKe C H OCHMH, HapaJlJiejlbHblMH COOXBeXCXByKDLUHM 

ocHM CHCxeMbi Nxyz. 

BBeAeM o6o3HaHeHRH: NAk ^ fk, CAf^ = 

NC = rc, Vk = fk, Vk = /?A, Vc = rc, Vc = Rc = 0, 

^ - 0, 1, 2; 

m = mo + ^1 + m 2 . 

Mbi HMeeM: 

Rk = fk — rc, Vk=-- Vk — vc, k = Q,\, 2. (1) 

JXj\^ CHCxeMbi xpex BaaHMHo rpaBHXHpyK)ui.HX MaxepHaAbHbix 
XOHeK i4o, i4i, A 2 HMeKDX Mecxo aaBHCHMOCXH [cm. § 4, (})OpMyAbI 

(9) -(12)1 

^oRo miRi "f" m2/?2 “ 9» (2) 

moVo + m^Vi + m2K2 = 0, (3) 

y (moKo+ miVl + m^vl)= U + h, ( 4 ) 

mo {Ro X Ko) + tUi (/?i X Vi) + tn^ (/?2 X V 2 ) = (5) 

riepexoAH k HOBbiM nepeMeHHbiM r^, Vk, ^ = 0, 1, 2, h3 
(2) nojiyHHM 

m^r^ + m^fi + m2r2 — mrc = 0. (6) 

H3 (3) cjieAyex 

m^Vo + m^Vi + m2V2 — mvc = 0 . 


13 M. B.Ba.nK 


(7) 
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Ha (4) Haft^eM 


^ {trioVl + my\ + maVa) = [mo (®o — ^cf + 

+ "^1 (®i — {V2 — ®c)^] = y [(mo«2 + nijVl + 

+ m2®|) — 2 (moZ>o + + rtiiV^) Vc + (mg + z)2 ]. 

npHHHMan BO BHHMaHHe (|)opMyjibi (7) H (4), nojiyHHM: 




U — f ( ^ 0^1 

' \ roi 



tn^m^ 
^ 02 



( 8 ) 

(9) 


3to h ecTb HCKOMbiH uHtueapaA dnepeuu b OTHocHTejibHOM abh- 


HCeHHH. 


AnaAorH^HbiMH paccy>KAeHHHMH BbiBeAeM h 3 (5) BeKTopHbift 
UHtneapan riAOiufideu b OTHOCHieAbHOM ABH>KeHHH. 



ripHHHMaH BO BHHMaHHe (6), no^y^HM.* 

2 

S mv (rv X ©v) — m (rc X Vc) = (10) 

v^o 

Otmothm Ba>KHbiH qacTHbiH cjiyqaH, KorAa ABH>KeHHe 
paccMaTppiBaeTCH omHocumeAhHo odnou U 3 mpex danubix mq- 
mepuaAbHbix moneK, nanpHMep Aq. B laKOM cjiyqae HHTerpajibi 



« 6] 


HHTErPAJT n.nomA;iEH n hutetpa/i shepphh 
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(8) H (10) npHHHMaiOT BHA 


2 


(m,vl + m^vl) 


2 


mvc 


U + h, 


( 11 ) 


(ri X Vi) -1- m 2 (r^ x Vo) 


m {fc X Vc) 


a. (12) 


B TOM MacTHOM cjiyHac, Kor^a ABHJKeHne paccMarpHBaeTCH 

OTHOCHTCJlbHO OapHUCHTpa TpCX MaXepHajlbHblX TOMOK, d)op- 


MVJIbl (6) 


(10), ecTecTBeHHO, npeBpamaioTCH b panee no- 


jiyneHHbie ^JopMyjiu h3 § 4. 

2. PaccMaTpHBan flBHJKeHHe CHCxeMbi h3 n MaTepnajibHux to- 


qeK(24o,mo), (^i, mi),..., {A 


1 , m^_i) OTHOCHTejIbHO TQT^KH N, 


MO>KHO c noMOii;bK3 TaKHx >Ke paccy^K/^eHHH, KaK B cjiyqae 
Tpex ToqeK, nojiyqHTb cjie^yiomHe saBHCHMocTH Me>KAy cko- 


pocTHMH Vk H pa;^HycaMH-BeKTopaMHrA; {fk 

ppiBaeMbix TOHeK: 


NAk) paccMaT- 


a) HHTerpaji SHeprpiH 


n—i 


v=0 


m^vl 


2 


tnvc 


U h. 


(13) 


rae 


m 


mo m, + fUn-u 


(14) 


Vc 


cKopocTb 6apHu,eHTpa MaTepnajibHux tomok {Ah, m^, . .. 


. . . , {A ,1-i, tTlfi-i), 


U 


f 2 


mortis 


V, S=0 
v<s 


r 




(15) 


vs 


6) HHTerpaji njioii;aAeH 

rt—1 

2 m, {r„ X t>v) 


fn {fc X Vc) 


G. 


(16) 


B qacTHOCTH, ecjiH b KanecTBe tohkh N Bbi6HpaeTCH Toqxa 

TO saBHCHMOCTH (13) H (16) nppiHHMaiOT 6ojiee npocTOH bha: 


n 


2 


2 


m„vl 


2 


mvc 


U 


h, 


(17) 


n 


y, tn„ {r„ X «Jv) 


m {fc X Vc) 


a 


(18) 


13* 
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OopMyjibi (17) H (18) npe;],CTaBJiHK)T co6oh HHierpaji snep- 

THH H HHierpaji njiom^A^A nppi CHCxeivibi n rpaBH- 

THpyiOmHX TOqeK OTHOCHieJIbHO 0;],H0H H3 HHX (Aq). 

§ 7. SAKJIlOMHTEJlbHblE SAMEMAHH^ 

1. B npe;],bi;],yii;HX naparpa(|)ax stoh rjiaBbi mu nojiyqpiJiH 
OT4^4^epeHUHaJibHbie ypaBHenHH, onpe;],eJiHK)mHe ;],BH}KeHHe n 
BsapiMHO rpaBHTHpyiomHX MaiepHaJibHux ToqeK b pasjiHqHux 
CHcxeMax KOopOTHax. 06ii;ee pemenHe sxhx ypaBHenpifl npn 
n > 3 B saMKHyxoM bhag ao chx nop nensBecxHO, h 
o6biqHO npnxoAHXCH nx pemaxb npH6jiHH<eHHbiMH MexoAa- 

MH HJIH HCCJieAOBaXb CBOHCXBa ABH>KeHHH KaqeCXBeHHbIMH 

MexoAaMH. 

AH(|)(|)epeHij;HajibHbie ypaBnennH h nsBecxHue nepBue hh- 
xerpaAbi (nnxerpaji njiOLuaAOH, nnxerpaji anepran) nosBOJiniox 
nojiyqnxb uennyio AonojiHHxejibHyio HH(|)opMauHK) o bo3mo>k- 

Hbix ABH}KeHHHX HeCKOJIbKHX XpaBHXHpyiOIAHX XOJI. 

OxMexHM 3Aecb b xaqecxBe npHMepa OAny HHxepecHyio npo6- 
Jieuy, CBH3aHHyK) c BaAaqen mhoxhx xeA,—npo6jieMy «(|)h- 
HajibHbix xnnoB ABH>KeHH5i». B cjiyqae n = 3 peqb haox o bo3- 

MOH^Hbix B3aHMHbix pacnoJio>KeHH5ix xpex xpaBHxnpyiomHx 
xoqeK npn HeorpannqeHHOM BOBpacxannH BpeMenn /. 

Bonpoc 0 (|)HHajibHbix xnnax ABHJKennH ncKAKDqnxeAbno 

Ba>KeH A'HH KOCMOrOHHH (xeopnn npOHCXO>KAeHHH H pa3BHXHH 

cojiHeqnoH cncxeMU h Apyrnx bbobahux cncxeM). HByqenne 

(})HHaJlbHbIX ABH>KeHHH HHXepeCHO H A*^^ KOCMOHaBXHKH, h6o 

MOJKex Aaxb HOKOXopue opneHxnpoBoqHbie npeACxaBJiennH o 

B03M0H<H0H SBOjiiouHH xpaeKxopHH KOCMHqecKOxo annapaxa 

npn A'^HxejibHOM — b xeqenHe necKOJibKHX jiex h 6 ojiee — 
BOSAeftcxBHH na nero AByx hjih necKOJibKHX He 6 ecHbix xeji. 

HaH6ojiee coAepn^axejibHue HccjieAOBannH o (|)HHajibHbix 
ABH>KeHHHX 6biJiH BbinojiHeHbi B xeqenne nocjieAnnx 35 jiex h 

f 

CBH3aHbi c HMeneM (|)paHuy3CKoro acxponoMa )K. Ulasn h 
pHAa coBexcKHx MaxeMaxHKOB n acxponoMOB (O. K). LLImhax, 

r. O. XnjibMH H Apyrne). 

Pasjinqaiox cjieAyioiAne c.iyqan ABH>KeHHH xpex xeji npn 

t —> oo; 

a) ospaHUHeHHoe (hjih dAAunmuHecKoe) ABH>KeHHe: paccxo- 
HHHH Me>KAy xpeMH xejiaMH ocxaioxcH orpaHHqeHHbiMH, ne 

npeBOCXOAHIUHMH HeKOXOpOH (|)HKCHpOBaHHOH BeJIHqHHbi; 



3AKJIK)qHTEJlbHbIE 3AMEqAHH^ 


197 


§ 7 ] 

6) aunep6oAUHecKoe: nonapHbie paccTOHHHH Me>KAy TeJiaMH 
c TeqeHPieM BpeMeHH HeorpaHHqenHO BOspaciaiOT; 

b) aunep6oAO-9AAunmmecKoe\ paccTOHHHe Me>KAy AsyMH 
TeJiaMH ocTaeTCH orpanHHeHHbiM CBepxy neKOTopoH KoncxaH- 

TOH /?, a paccTOHHHe xpeibero xejia ox sxhx Asyx neorpaHH- 

qeHHO pacxex; 

r) oci{UAAupyK)U{ee ;iBH>KeHHe: paccxoHHHe oahoxo h 3 xeji 
ox o;iHoro h 3 AByx jxpyrux (hjih ox o6ohx xeji) c xeqeHHeM 

BpeMeHH npHHHMaex ckojib yroAHO dojibuine snaqenHH, ho 

He cxpeMHXCH K 6ecKOHeqHOCXH. 

AnajiorHqHO mo>kho KjiaccH4)HUHpoBaxb ABH>KeHHe xpex 

xeji B npomjiOM, xo ecxb npH t —oo. Ecjih paccMaxpHBaxb 
ABH>KeHHe xpex xeji bo BpeMeHH ox^ = —oo ;;o^= + oo, 

xo MblCJlHMbl, B qaCXHOCXH, XaKHe B03M0>KH0CXH: 

1) npH t - — oo ABHJKeHHe rHnep6ojiHqecKoe, a npH 

^ + oo ABH>KeHHe rHnep6ojio-3jiJiHnxHqecKoe. 

2) /lBH>KeHHe npH t — oo rHnep6ojio-3JiJiHnxHqecKoe, 

a npH / + oo — 3jijiHnxHqecKoe. 

B Kan^AOM H3 3XHX AByx cAyqaeB roBopnx, qxo b CHCxeMe 
HMeex Mecxo saxeam. 

3) J],BH>KeHHe cHcxeMbi xpex xeji npn t — oo h npn 

/ + oo HBjiHexcH rHnep6ojio-3JiJiHnxHqecKHM, ho Ha orpa- 

HHqeHHbix paccxoHHHX Apyr ox Apyra ocxaioxcH pasHbie napu 
xeji. B 3X0M cjiyqae roBopnx, qxo b CHCxeMe HMeex Mecxo odmen. 
B HHxepecHbix HccjieAOBaHHHX (|)paHixy3CKoro acxpoHOMa 

yK- UlasH, ony6jiHKOBaHHbix b 1929—1932 roAax, coAep>Ka- 
jiocb AOKaaaxejibcxBO yxBep>KAeHHH, qxo aaxBax h o6MeH b 
3aAaqe xpex xeji HeB03M0>KHbb BnpoqeM, xaKoro me MneHHH 
npHAepjKHBajiHCb MHorne acxpoHOMbi XIX—XX BeKOB. Oa- 
HaKO BHOcjieAcxBHH 6biJio o6Hapy}KeHO, qxo AOKaaaxejibcxBO 
llIa3H oiiiH6oqHO. B 1947—1948 roAax coBexcKHe MaxeMaxHKH 

O. K). LUmhat h r. O. Xhjibmh, a aaxeM K. A. Chxhhkob, 

r. A. MepMaH h Apyrne na KOHKpexHbix npHMepax noKaaajiH 
B03M0>KH0cxb 3axBaxa. HecKOjibKO nosAHee 6biJia ycxanoBJiena 
B03M0>KH0cxb o6MeHa B BBAaqe xpex xeji (B. M. AjieKceeB h Ap.)* 
OKasajiocb, qxo Kax saxBax, xax h oSmoh CBHsanbi co c6jih- 

>KeHHeM xoxH 6hi AByx hs xpex xeji. Oco6eHHO jiK)6onbixHOH 
npeAcxaBJiHexcH BOSMOH^HOcxbOcuHJiJiHUHH B saAaqe xpex xe.x, 

o6Hapy>KeHHaH K. A. CHXHHKOBbiM B 1960 roAy *). 

'^) Cm, no 3TOMy noBo;i,y eii;e r.Taey VII, § 6. 
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3AAAHA n TEJT 


[rJT. V 


2. B TeKyiiieM CTOJieTHH pasjiHqHbiMH yqeHbiMH npej^nppi- 

HHMajiHCb SHeprpiqHbie nonbiTKH nojiyqeHHH o6iiihx pemenpift 
saAaqH rpex h MHorqx reji c noMOiiibio 6ecKOHeqHbix p^AOB 

Toro HJiH HHoro BHAa. Bnaqajie nuTajinch npeACTaBHTb Koop- 

AHHaTbl (Av, ^v, -^v) Ka>KAOH H3 fl BSaHMHO rpaBHTHpyiOIAHX TO- 

qeK V = 1, 2, 3, . . . , n, B BHAe cieneHHbix p^AOB otho- 

cHTejibHO BpeMeHH t. OAHaKO oqeHb CKopo 6biJio noAMeqeno, qxo 
TaKHe P5IABI 6yAyT, BOo6iAe roBopn, pacxoAHiAHMHCH. TorAa 
cxajiH HCKaxb pa3Jio>KeHHH 3XHX KOopAKHax B cxeneHHbie phabi 
no HOKOXopoMy BcnoMoraxejibHOMy nepeMennoMy. B 1912 roAy 
4)hhckhh MaxeMaxHK K. SynAMan, npnBJieKan annapax xeopnn 
^lyHKUHH KOMnjieKCHoro nepeMennoro, nocxponji cxenennbie 
pnAbi, Aaiouine pemennH aaAaqn xpex xeA. 3xh p^abi HMeiox 

bha 

OO OO . CX3 

•^v = S ’w*, = S 2v = 2 

k —0 ^=0 A ;=0 

V = 1,2,3. (I) 

BpeMH t TaKme Bbipa^KaexcH qepea u c noMOiiiBK) cxenennoro 

pnAa: 

OQ 

t = 2 dkU'^. (2) 

k=o 

3jxech a — cneunaJibHO noAo6paHHoe BcnoMoraxejibnoe nepe- 

Mennoe («nceBAOBpeMH»), CBnaannoe c BpeMeneivi t aaBHCHMOCXbio 
BHAa 

Cdt = ^, (3) 

XAe C — KOHCxanxa, a U — CHJiOBan ^^ynKunn CHCxeMbi, on- 

peAeAHeMan (|)opMyAOH (5.4.10'). 

Phabi SyHAMana noKa ne nauiAH np aKxnqecKoro npHivienennH, 
h6o AO CHX nop noqxn ne nsyqen Bonpoc o Obicxpoxe cxoah- 
MOCXH 3XHX pnAOB. Hbbocxho, qxo B HOKOxopbix CAyqanx pnAti 
SyHAMana cxoAHTCH Kpanne MCAAenno. Tan, nanpnMep, (j^pan- 
uyacKHH acxpoHOM BeAopnuKHH b Haqa^e xpnAUaxbix xoaob 
noKaaaA, qxo npn neicoxopoM cneiinaAbnoM BbiOope hcxoahux 
A annbix pnAti SynAMana AaAyT npaBHAbHbift peoyAbxax c ox- 
HOCHxeAbHOH norpeuiHOcxbK) 10%, AHuib ecAH qncAO qAenoB b 
pnAax SynAMana OyAex 6oABme, qoM CyMMnpoBanne 
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TaKoro rpoMaAHoro qHCJia cjiaraeMbix ne noA CHJiy jxame caMofl 

6bICTpOAeHCTByK)IAeH BbiqPICJlHTejIbHOH MaLUHHe. 

B TO me BpeMH b craTbe lorocjiaBCKoro acTpoHOMa P. Bep- 

HHKa B 1955 roAy npHBeAen npHMep npoTHBonojiOH^Horo xa- 

paKTepa, koeab nppi ApyroM cneiiHaJibHOM Bbi6ope hcxoaheix 

AaHHbIX MOJKHO BbiqPiCJlHTb CyMMbI p^AOB SyHAMaHa C TpeMH 
BepHbIMH AeCHTHqHbIMH 3HaKaMH, eCJIH OrpaHHqHTbCH JIHUIb 

nepBbiMH TpeMH qjienaMH Kan^Aoro h3 sthx phaob. 

3. y^Ke B nocJieAHHe roAbi, nocjie 3anycKa nepBbix coBeT- 

CKHX cnyTHHKOB,aBCTpHHCKHH MaTCMaTHK B.rpe6Hep H ero yqe- 

HHKH npeAnpHHHjiH HOByK) nonbiTKy noHCKa o6uxero pemeHHH 
3aAaqH mhotpix Teji, HMen b BHAy b nepByio oqepeAb 3anpocbi 

KOCMOHaBTHKH. Fpednep [5.4] HuieT npeACTaBJieHHe pemeHHft 

3aAaqH n Teji b bhao phaob cneuHajibHoro THna, BCTpeHaiouiHX- 
CH BnepBbie b pa6oTax HopBe>KCKoro MaTeMaTHKa Co(|)yca JIh. 

Pha JIh — rpe6Hepa MO>KeT 6biTb onpeAejien cneAyioiAHM 

o6pa30M. riycTb • • • > — KaKHe-TO HeaaBHCHMbie 

nepeMeHHbie (BOo6me roBopn, KOMnneKCHbie); (z), Gg ( 2 ), . . . 

. . . , 0/n ( 2 :) H / (z) — aHaJlHTHqeCKHe (|)yHKUHH OT Z {Zi, 

• • • > PaccMaTppiBaeTCH onepaTop 

D = e.(.)|- + e,w^ + ... + e,„(z)g|-. (4) 

OnepaTopbi D/, DY, . . . , DY onpeAenniOTcn (}x)pMyjiaMH 

^/ = S0. (z )^= Dm,...,D'‘f = Dm^f)- 

Pha JIh — Ppednepa a*^^ (|)yHKUHH / (z) — 3 to cneAyioiUHH 

pHA: 

fiz) + ^Df + ^D^f+. . . +^d7+ ... (5) 


CHMBOJIHqeCKH B03M0>KH0 3T0T pHfl SaBHCaTb H TaK *): 

_ e' (2), (6) 

*) Ph;; Tefljiopa npeACTaejineT co6oh nacTHbiH cjiynaH pH;;a JIh — rpe6- 

Hepa, Kor^aD = d/dz. B stom nacTHOM cjiynae 4)opMy;ia (6) j\aeT pa3;io>Ke- 

HHe (jDyHKUHH / (2 + /) B pHA TcHJiopa no CTeneHHM t: 

CO 

/(2 + o= 2 

^ v! 
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3AJXAHA n TEJI 


[rjl. V 


rjxe — onepaiop, onpe;],eJiHeMbiH (|)opMyjiOH 

e'o = 1 + + . . . + D'' + . . . (7) 

21 v! 

Mo>kho noKaaaxb, qxo 

/ ( 8 ) 

B. Fpednep noKaaaji, qxo KOopAHHaxbi n KOMnoHenxbi CKopo- 
cxH Ka^^AOH H3 n BsapiMHO rpaBHXHpytoLUHx xoqeK bosmo^ho 
npeAcxaBHXb b bhao phaob (5). JXji^ pemeHHH saAaqq o6 n xejiax 
nppi n ^ 3 onepaxop D HMeex, k co>KajieHHK), BecbMa rpoMOSA- 
KHH BHA, ^TO CHJibHO ycjio>KHHex npaKXHqecKoe npHMeneHHe 
pHAOB JIh rpe6Hepa. 



TJIABA VI 


nPHMEHEHHE nOHJITMJI 0 CcDEPE flEfiiCTBHJI 
K nPHBJlH)KEHHOMy PACHETY TPAEKTOPHH 

MAJlOrO TEJIA 


§ 1. COEPA nPHT^>KEHH^ M COEPA AEPlCTBH^ 


npHTH>KeHHH. riycTb paccMaxpHBaeT- 

CH HeKOTOpOH MaiepHaJIbHOH TOqKH (P, m) (koc- 

MHqecKoro Kopa6jiH, acTepoH^a, KOMexbi h x. n.) no;; bo 3- 
;;eHCXBHeM AByx He6ecHbix xeji c MaccaMH n m 2 . 3xh xejia 
6yAeM nasbiBaxh npummueatotquMU i^enmpaMU, hjih y c ji 0 b h 0 , 
AJiH KpaxKOcxH, «3Be3AaMH». Mbi 6yAeM nx paccMaxpn- 
Baxb KaK MaxepnaAbHbie xonKn; a^^h onpeAejienHOcxn 6yAeM 

nojiaraxb, qxo n 6yAeM roBopnxb, qxo «3Be3Aa Ai 

MeHblUe 3Be3AbI ^ 2 ^>- 

Oco6eHHO nac 6yAex nnxepecoBaxb cjiynan, KOXAa Macca m^ 
snaqnxejibHO Menbine Maccbi (m^ m 2 ). Tonnhin CMbicji sxo- 

ro orpaHnneHHH aaKjitonaexcH b xom, qxo npn xpeSyeivion b 
A annoH KOHKpexnon aaAaqe xoqnocxn b pacqexax AonycxHMO 

npenedpeqb KBaApaxoM BejinqnHbi p = m^ / 

Maccy MaxepnaJibHOH xoqxn (P, m) 6yAeM cqnxaxb npene- 
6pe>KHMO MajiOH no cpaBnennio c MaccaMH sbcsa (m<^mi). 
MaxepHajibHyK) xoqxy (P, m) ycjiOBHMcn baccb naabiBaxb 
cnymnuKOM cucmeMbi deyx npummueatotyux yenmpoe (Ai, m^) h 

^ 2 )* 

CHJibi Pj H F2, c KOxopbiMH xoqKa (P, m) npHxnxHBaexcH k 

xoqKaM Ai h A2, onpcACjintoxcH b cooxbcxcxbhh c aaKonoM 

BCCMHpnoro xnroxenHH no ^opuyjiau 



B npocxpancxBC cyuj^ecxByiox xaKne xoqxn, b Koxopbix Mcnb- 
inan 3Be3Aa Ai npHxnxHBaex cnyxHHK cHJibnee, qcM 6ojibmaH 
3Be3Aa, xo ecxb b KOxopbix > p 2 - 
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nPHMEHEHHE nOH^TH5I O C<DEPE AEKCTBH5I 


[rJI. VI 


MHO>KecTBO 6cex TaKHX ToqeK npocTpancTBa HasbiBaexcH 

o6jiaCTbK) npHTH>KeHHH MeHbUieH 3Be3AbI OTHOCHTeJlbHO 6ojIb- 

meft *). 

Hto >Ke C060H npe;;cTaBJiHeT reoMeTpuqecKn sto mho^kbctbo 

ToqeK? Ecjih cnyranK P naxoAHTcn b Henocpe;],CTBeHHOH 6 jih- 
30CTH K 3Be3;],e A I (to ecTb ecjiH AiP AOCTaToqno Majio), to oh 
6yAeT npHTHTHBaTbCH k MeHbmeH SBesjxe (Ai) CHJibnee, qeM k 
6ojibiiieH (/I2). 

ByAOM Tenepb MbicjieHHO nepeivieiuaTb cnyxHHK P no npn- 
MOH A 1 A 2 B HanpaBJieHHH ot Ai k A 2 (pnc. 6.1). CnyxHHK npn 
3T0M npoHAOT qepe3 xanoe nojio>KeHHe C, b KOxopoM on 6yAeT 
npHTHTHBaxhCH c oduHaKoeou CHJiOH K ToqnaM Ai h A^- 



Phc. 6.1. 


riepeMeiiiaHCb no npnMOH AiA^ b npoxHBonojio^KHOM Ha¬ 
npaBJieHHH, TO ecTb yAaJiHHCb neorpanHqeHHO baojib jiyqa 
A^A^, cnyxHHK onnxb npoHAex qepea neKOxopyio xonny D, b 

KOTOpOH OH 6yAeT C OAHHaKOBOH CHJIOH npHTHTHBaXhCH K i4i H 
^ 2 * ToqKH C H D MOHCHO HaSBaXb KOJIJlHHeapHblMH TOqKaMH 
paBHbIX npHTHJKeHHH. 

B ToqKe C 


OTCiOAa 




*) O^biHHo BMecTo TepMHHa «o 6 jiacTb npHTHmeHHH» ynoTpe 6 ;iHioT mg- 
Hee TOHHbiH TepMHH «c 4 )epa npHTH>KeHHH» (Menee TOMHbiH noTOMy, hto b reo- 
MGTpHH noA c^epoH noHHMaKDT noBepxHocTb, a He npocTpaHCTBeHHyio 06- 
jiacTb). 
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AHa.^iorHqHO 

AiD -./— 

KaKyio >Ke (|)Hrypy o6pa3yK)T ece tohkh npocxpancTBa, b 

KOTOpbIX CnyTHHK C O^HaKOBOH CHJIOH npHTHTHBaeiCH K 

3Be3AaM Ai u A 2'^ 

lioKaH^eM, qio reoMeTppiqecKHM MecxOM xoqeK npocxpancx- 

Ba, B Ka>KAOH H3 Koxopbix npHXH>KeHHe cnyxHHKa K Menbuieft 

SBesjxe paeno nppiXHjKeHHio k 6ojibiiieH 3Be3Ae, HBJinexcH c(pepa\ 

KOHUaMH OAHOrO H3 66 AHaM6XpOB CJiyH^aX AB6 K0JIJIHH6apHbI6 
XOqKH paBHOrO npHXH>K6HHH C w D. 

J],6HCXBHX6;ibH0, p6qb HAeX O r60M6XpHq6CK0M M6CX6 XaKHX 

^ . mim , m^m ^ 

X0q6K P, B KOXOpbIX/- -— . Ho B XaKHX xoq- 

I AJ^ 1 ' I A2P I' 

Kax P 

=/[I = const < 1, (3) 


XO 6CXb OXHOIII6HH6 paCCXOHHHH XOqKH P OX H A^ nOCXOHHHO. 

B Kypc6 3A6M6HxapH0H r60M6xpHH *) ycxaHaB;iHBa6xcH, 
qxo XaKHM r60M6XpHq6CKHM M6CX0M XOq6K HBJ1H6XCH C(|)6pa C 

AHaM6xpoM CD, ona Ha3biBa6xcH «C(})6poH AnoJiJiOHHq». Bnyx- 

ppi 3X0H C(|)6pbl 

AlP ^ i/-— 

A2P ^ ’ 

oxKyAa 


XO 6CXb p Bh 6 3XOH C(J)epbI Pj Pg* 

HxaK, «o6Aacmbfo nputmotceHum Menbuieu seeadu omnocu^ 
meAbHo doAbuieu mAHemcH map {enympenHOcmb c(pepbi)\ koh- 
liUMU odnoao U3 eeo duauempoe cAtjMam moHKu C uD, deAHiyue 

ompesoK A 1 A 2 s omHOtuenuu j/^\i enympeHnuM u enemHUM 

odpasoM. 

*) R. H. n e p e n e ji K H H, Kypc aJiCMenTapnofi reoMeTpHH, m. I, 

CTp. 95, FTTH, 1949. 
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nPHMEHEHHE OOH^ITH^I O COEPE AEPICTBH^I 


ir.n. VI 


HaHAGM paAHyc c(j)epbi npHT5i>KeHHH h nojio>KeHHe ee ueht- 
pa. TaKKaK lo^KaD naxoAHicH <3/^aoTpe3Ka/I 1 /I 2 , aio^KaC—■ 
enympu Hero, to DA^ > C/la-FIooTOMy h3 (1) h (2) BbiTeKaeT,HTO 
DAi ^^ A^C. CjieAOBaiejibHO, ueHip 0 c(|)epbi npHT5i>KeHH5i 
(cepeAHHa oipesKa DC) Bcer^a jie>KHT ene oipesKa ^ 1 ^ 2 - 
riycTb A1A2 = a. 06o3HaHHM nepes pn pa^Hyc c(j)epbi npH- 

THJKeHHH H HepeS Un — paCCTOHHHe UeHXpa 3T0H C^epbl AO 

TOHKH A^ (pHC. 6.1). B 3THX o6o3HaHeHH5IX paBOHCTBa (1), (2) 
sanHUiyicH laK*. 



OicioAa 



Peman 3th ypaBHeHHH, naHAeM 




(4) 

( 5 ) 


n p H M e p. OnpeAejiHM paAHyc c(j)epbi npHiHJKeHHH Jly- 

Hbl OTHOCHieJIbHO SeMJIH H HOAOJKeHHe UeHTpa 3TOH C(j)epbl. 

B AaHHOMCjiynae \i ^ ^ , a ^ 384 000 km. Flo (})opMyjiaM 
(4) H (5) HaxoAHM.* 





43 000 KM, 




^a:::::^4500 KM. 
oU 


2. C(j)epa AOHCTBHH. ABH>KeHHe Majioro cnyi- 

HHKa P (pHc. 6.2) noA AeflciBHeM npHiHjKeHHH AByx « 3 Be 3 A» 
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(i 4 i, mi) H (A2, m2) MO>KHO Hsy^aib b pasjiH^Hbix 
c^eia. B qacTHOCTH, mo>kho npHH 5 iTb b Ka^eciBe i 

Ta JiK) 6 yK) H 3 T 0 qeKi 4 iHJiHi 42 , TO ecTb paccMaipHBaib ;;BH>KeHHe 
cnyTHHKa P oiHOCHiejibHO jik) 6 oh h 3 
a ;^pyryK) 3 Be 3 ;;y c^nTaib 


AByx 


A 


A 


2> 


o 


B03MymaK)meH. 

TaK, HanpHMep, abh- 




o 


JKeHHe COBeiCKOH HCKyC 


o 


CTBeHHOH njianeTbi, 3 a- 


o 


ymeHHOH 


2 


5IHBa- 


pH 1959 ro;;a, mo>kho pac 




A 


cHcieMe 


Phc. 6.2. 


CMaipHBaib B 

OTcqexa c na^ajiOM b ueht- 
pe SeMJiH (reoueHTpH^e- 

cKoe ;;BH>KeHHe). H to >Ke ;i,BH>KeHHe mo>kho paccMaipHBaib b 

CHCieMe OTC^eia c Ha^ajioM b uenipe CojiHua (rejiHOueHTpnqe- 

cKoe ;;BH>KeHHe). 

PaccMOipHM cHaqaJia ;;BH>KeHHe cnyiHHKa P b CHcieMe 


OTcqeia c Ha^ajiOM ] 

ABH>KeHHH cnyTHHKa 


Menbiueu 


Ai. Tor;;a ypaBHCHHe 


B BHfle 


* 


Tj\e 


cpp 


a 


1 


O) 


( 6 ) 


0 ), 


fm 


2 


r 


a 


1 


P 


]2 



m 


r 


r 


3 


1 


P 


3 




P 


/*12 — AiAv , \ tl 2 


m 


P. 


A,P, 


V 


a. 


r 


A,P, 


(7) 


( 8 ) 


ycKopenne cnyTHHKa pacna^aeTcn na abc cocTaBJinioiUHe: 

а) «ocHoeHoe» ycKopenne ai, to ecTb to ycKopenne, KOTOpoe 

HMCJI 6bl CnyTHHK, eCJIH 6bl npCKpaTHJIOCb BJIH^HHC «B03My- 
maiomeH 3Be3;;bi»; 

б ) eo 3 Myu{aH)ii{ee ycKopenne 0i, to ecTb to AonojiHHTCjib- 
Hoe ycKopcHHC, KOTopoe nojiynacT cnyTHHK P BCJie;;cTBHe 

BMeniaTCjibCTBa «B03Myui,aK)ineH 3Be3;^bi» A^. 

BejiHHHHa Oj/ai noKaabiBacT, KaKyio nacTb «ocHOBHoro» 
ycKopeHHH Ui cocTaBJiHCT B03Myui,aK)ui,ee ycKopenne. Mcm 


*) Cm. § 5 rJiaBbi V. 
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nPHMEHEHHE nOH5ITH5I O C<I>EPE AEWCTBH^I 


[EJI. VI 


MeHbiiie 3T0 OTHomeHHe, tem Menbuie ouiH^iaeTCH op6HTa cnyr- 

HHKa OT KenjiepOBOH op6HTbI. 

06paTHMCH Tenepb k ABH>KeHHK) cnyTHHKa oiHOCHiejibHO 

doAbuieu ssesAbi 

ypasHeHHe npHHHMaex bh;; 

(Pf 

-Jp == ^2 + (9) 



JXoJi9{ B03MymaK)ii;ero ycKopeHHH Og ot «ocHOBHoro» 
cocTaBJiHex 

06jiacxb npocxpaHCXBa, b KoxopOH BbinojiHHexcH nepa- 

BeHCXBO 



HasbiBaexcH odAocmbto deucmeun, hjih c(pepou deucmeun, Menb- 

meH «3Be3Abi» oxHocHxejibHO 6ojibmeH. 

BnyxpH c(|)epbi ;;eHcxBHH Menbuiefl 3Be3Abi (oxHocHxejibHO 
66jibmeH) odbiqno Bbiro^Hee paccMaxpHBaxb MeHbmyio 3Be3;;y b 
Ka^ecxBe ueHxpaJibHoft, a dojibiiiyio — b Ka^ecxBe B03My- 
ii;aK)ii;eH. 

TaK, HanpHMep, b cjiyqae ABHJKenHH HCKyccxBeHHofl njia- 
Hexbi, 3anymeHHOH c SeMJiH, b na^ajie ee nyxH, Kor^a panexa 
Haxo;;HX<;H BHyxpH C(|)epbi aohcxbhh SeMjiH, uejiecoo6pa3HO 

paccMaxpHBaxb ee ;;BH}KeHHe b cHcxeMe oxcqexa, cB5i3aHHOH c 
SeMJieH (reoueHxpH^ecKoe ABH^eHHe), a CojiHue paccMaxpH¬ 
Baxb KaK B03MymaK)ii;yK) 3Be3Ay. Bne c(|)epbi abhcxbhh Scmjih 
B biroAHee, Hao6opox, paccMaxpHBaxb ee ;;BH}KeHHe b CHCxeMe 
oxcnexa, CBHaaHHOH c CojiHueM (rejiHOuenxpHHecKoe ABH>Ke- 
HHe), a SeMjiK) paccMaxpHBaxb KaK B03Myii;aK)ii;ee xejio. Apy- 
roH npHMep: npn npoxojKj^eHHH komcxh BHyxpH C(|)epbi abhcxbhh 
lOnHxepa nacxo BbiroAHee He CojiHue, a KDnnxep npHHHXb 3a 
ueHxpaJibHoe xejio, a CojiHue cHHxaxb BoaMyiAaiomeH 3Be3- 
AOH (xoHHee roBOpH, BHyxpH c(J)epbi abhcxbhh lOnnxepa pac¬ 
cMaxpHBaxb ;;BHHceHHe komcxh b chcxcmc oxcnexa c HanaJiOM 
B ueHxpe xHHcecxH lOnnxepa). Hocjie npoxojKACHHH komcxm 
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Mepea C(|)epy aghctbhh lOoHiepa uejiecooSpasHO CHOBa nepeftiH 

K rejiHOueHTpHMecKoft CHCieMe oic^eia. 

BbiHCHHM Tenepb, KaKOBa reoMeipHqecKaH (J)opMa odjiaciH 
;;eHCTBH 5 i MeHbmefl SBesAbi oiHOCHiejibHO 6 ojibmeH. flji 5 i 3 Toro 
cHa^aJia Haft;;eM ypaBHeHHe rpaHH^Hofi noBepxHociH 5 o 6 jia- 

CTH ;;eHCTBHH, TO eCTb nOBepXHOCTH S, Ha KOTOpOH 



Hs (|)OpMyji (7), ( 8 ) H (10) cjieAyei, hto 



B CHJiy 4)OpMyjibi (12) b TOHKax, jiexaiuHX na noBepXHOcTH S, 

HMeex MecTO paBencTBO 

(mi + m)mi/-2 _ -A ^ m) m^p* ~ ' 



Bo 3 bo;;h o 6 e nacTH paBeHciBa ( 13 ) b KBaApax, Mbi nocjie ynpo- 

lAeHHH nojiyqHM 




ypaBHeHHe (14) npeACTaBJiHex co6oh ypaBHenne rpaHHUbi 5 
c(J)epbi aghcxbhh b c(|)epHHecKHX KoopAHHaxax p, 0. 

npH HOMOmH ypaBHeHHH (14) MOXHO yCXanOBHXb, HXO B 

cjiyqae, KOPAa BejiHHHHa — HBJinexcH MajiOH.ripoHSBe- 

CL 

AGM B 3X0M ypaBHeHHH HpHBeAGHHe K oOmeMy sHaMenaxejiK) 



2()S 


nPHMEF^EHHE nOH5ITH51 O COEPE AEACTBHH 


[EJI. VI 


H pa3jio>KeHHe no cienennM 

pa3JI0>KeHHH CaMyiO HH3KyK) 

ypaBHenne: 


p 


a 


, CoxpannH nocjie sxoro b 


cxenenb BejinnnHbi 


p 


a 


nojiyqnM 




10 

(1 + 3 cos^ 0) = 



OxcioAa 






1 

3 cos^ 0 



3x0 — ypaBHenne nOBepxnocxn Bpau;eHHH (pnc. 6.3), npe^- 
cxaBjiniOLAen co6oh «cjierKa BbixnnyxyiO)) c(|)epy. Ona MO>Kex 


f 



Phc. 6.3. 


6bixb noAyqena BpamenneM Bonpyr ocn njiocKon Kpueou, 
HMeiOLuen xo >Ke ypaBHenne. 

Ha pnc. 6.3 

AiF : AiD = y 2:^ 1,15, xo ecxb 1( 17 ) 

0 min 


HxaK, rpannua 5 o6jiacxn A^ftcxBnn Menbinen 3Be3Abi 
oxHocnxejibHO 6ojibmen 3Be3Abi npn Majibix ananennnx 
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OTHOmeHHH ttti / m.2 MaJio OTJiHqaercH ox c(})epbi paAnyca 

= ap'/*, (18) 

onHcaHHOH BOKpyr MeHbiiieH ssesAbi. 

BnyipH nosepxHOCTH 5 6yAeT BbinojiH5iTbCH HepaBeHCTBO 

ai ^ ’ 


BHe ee — HepaBeHciBO 

O 2 

^2 



Mhcjio p^, onpeAejineMoe (|)opMyjioH (18), HasbiBaiOT o6biq- 
HO paduycoM deucmsun (hjih paduycoM c^epbi deucmeun) MeHb- 

mefi 3Be3;;bi OTHOcHiejibHO 6ojibmeH. 

H3 njiaHex cojiHe^Hofi CHcieMbi HaH6ojibmHH pa^Hyc 
BHH OTHOCHiejibHO CojiHua HMeex Henxyn (okojio 90 mjih. km), 

HaHMeHbiiiHH — MepKypHH (okojio 110 xbic. km). 


3a;;aHH 

1. BbiHHCJiHTe pa;iHyc jichctshh Scmjih OTHOCHTeJibHO CoJiHua. 

2. BbiMHCJiHTe pa;iHyc c(J)epbi npHT5i>KeHH5i n c(J)epbi ;ieHCTBH5i Mapca 

OTHOCHTeJibHO CoJiHua. 

3. BbiHHCJiHTe pa;iHyc ;ieHCTBH5i Jlynbi oTHOCHTejibHo SeMJiH. 


§ 2 . nPMBJlM>KEHHA51 METOAHKA 

PemeHHe aaAa^H o ABH^eHHH MaxepHajibHoft xomkh (P, m) 
(KOCMHqecKoro KOpa6ji5i, acxepOHAa h x. n.) noA BJiH5iHHeM 

npHT5i}KeHHH ApyrHX xeji Ti, . ,Tn npHBOAHx k cjio^khum 

AH(|)(|)epeHij;HaJibHbiM ypaBHeHH5iM. Aa^Ke npH6jiH>KeHHoe pe- 
uieHHe 3XHX ypaBHeHHH c noMombio H3BecxHbix MexoAOB Ma- 
xeMaxfiqecKoro anajiHaa BecbMa rpoM03AKO. 

OcoOeHHO HHxepecHa KOCMonaBXHKH xaKan CHxyauH5i, 
KOXAa ABH^eHHe xeji Ti, . . . ,Tn H3BecxHO, a Macca Ma- 
xepHajibHOH xo^KH P Majia no cpaBnennio c Maccon Ka>KAoro h3 
3XHX xeji. B 3X0H cHxyauHH MO>KHO yKaaaxb npneM npH6jiH- 
>KeHHoro pemeHHn aaAann 0 ABH>KeHHH xo^kh P, Aocxaxonno 
yAOBJiexBopnxejibHbiH mhoxhx npaKxnnecKHX cjiynaeB. 

CyiAHOcxb 3xoro npneMa cocxonx b cjieAyiomeM. 

14 M. B. BaJiK 
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nPHMEHEHHE nOH51THH O C'J>EPE AEWCTBH^I 


[rjT. VI 




Ty qacTb npocTpancTBa, r;ie npoHCXOAHT ABH>KeHHe Toq- 
KH P, pa36HBaeM mbicjibhro na HecKO.ibKO qaciefl (o6jiacTeH) 
Gi, Gg, . . . , G/ 2 , B Ka>K;iOH h 3 Koiopbix yqHTbiBaeM BJiH5iHHe na 
Toqxy P jiHiub odnoao h 3 6ojibmHX leji , Tn h coBep- 

meHHO npeHe6peraeM BJiHHHHeM ocTajibHbix toji. (Taxyio 
o6jiacTb HaaoBeM «c(j)epoH bjih5ihh5i» cooTBexciByioiuero lejia.) 

TaKHM o6pa30M, BHyipH Ka>K;iOH H3 C(J)ep BJIH5IHHH HCTHHHa5I 
TpaeKTOpHH TOqKH P 3aMeH5ieTCH «HeB03MyLUeHH0H» ipaeKTO- 

pHeft, KOTopan npe;icTaBJi5ieT co6oh Ayry KOHHqecKoro ceqe- 

HHH (sjijiHnca, rHnep6ojibi h t. n.); ToqxH cibiKa sthx Ayr Jie- 

}KaT Ha rpaHHuax cMe>KHbix ccjiep bjihhhhh. Bbi6op caMHX 
c(|)ep BJiHHHHH, HX paBMopoB, (j)opMbi H pacnojio>KeHH5i cipe- 

MHTCH npOH3BeCTH TaK, qT06bI 6bIJIO MHHHMaJIbHbIM «OTKJIOHe“ 

HHe» KycoqHO-KOHHqecKOH ipaeKiopHH ot hcthhhoh TpaeK- 

TOpHH TOqKH P. CaM lepMHH «OTKJIOHeHHe» MO>KeT nOHHMafbCH 
B pa3Hbix BaAaqax no-pa3HOMy. 

HaH6ojiee pacnpocxpaHeHHbifl cnoco6 Bbi6opa ccjiep bjihhhhh 
CBHsaH c noHHXHeM C(j)epbi aehcxbhh: b cjiyqae ABH>KeHH5i Ma- 
jioro xejia P noA bjih^hhcm xojibKO AByx xeji («3Be3A») BHyxpH 
c(j)epbi AOHCXBHH MCHbLueH BBOBAbi npeHe6peraK)x BOBce npH- 
x5i>KeHHeM Sojibiiiefi BBesAw, a bho sxoh C(f)epbi abhcxbhh hoji- 
Hocxbio npeHeSperatox npHXH>KeHHeM Menbuieft 3Be3Abi. HHaqe 
roBopn, 3a C(j)epy bjihhhhh Menbuien 3Be3Abi npHHHMaiox ee 
c(J)epy abhcxbhh, 3a ccjiepy bjihhhhh 6o.abmeH 3Be3Abi — bck) 
ocxajibHyio qacxb npocxpancxBa *). 

AnajioEHqHbiM o6pa30M mo>kho nocxynuxb h b xom cjiyqae, 
KOXAa xpaeKxopHH xoqKH P onpeAejinexcH XHEOxeniieM k 
HecKOAbKUM xejiaM. B qacxHOCXH, npn pacqexe Me>KnjiaHex- 
Hbix nepejiexoB HHOXAa npeHe6peraK)x BJinnuneM CojiHUa 
BHyxpH ccjiep abhcxbhh njianex h bjihhhhcm njianex Biie sxhx 
c(j)ep **). 

PaccMOxpHM HecKOjibKO npHMepoB. 

n p H M e p 1. npH pacqexe nojiexa Bxoporo coBexcKoro 
jiyHHHKa, nonaBUiero b Jlyny, b naqajie nojiexa npeHe6perajiH 
BOBce BJiHHHHeM JlyHbi. Ho nocjie BXOAa paKexbi b c(j)epy abh- 


* 


) Otmcthm, mo npeA^o>KeHbi TaK>Ke— h HHor^a 3ac.ny>KHBaiOT npe^- 

nomeHHH — ;i,pyrHe cnoco6bi pa36HeHHH npocrpaHCTBa na ccj)epbi bjih^ihhh 
(cm. [6.2]). 

**) Macca Cojiima nacmibKO npeo6jiaAaeT Ha;i, Maccofi nJianex (oiia 
cocTaBJiHCT 99,86% bcch MarepHH cojihcmhoh ciiCTCMbi) u paccioHiiiiH mok- 
Ay riJiaiiexaMH nacxoJibKo bc^thkh, mxo hx cc|)epbi AeHCXBH5i oxaocirrejibiio 
CoAHua pacnoAo>KeHbi ^aJicKo oAna ox ApyroH. 
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CTBHH JlyHbi, Ha paccTOHHHH FipuMepHO 66 000 KM OT ueHipa 
JlyHbi, nepeciaJiH BOBce yHHXbiBaTb iipHT5i>KeHHe paKexbi k 3eM- 
jie, a yHHXbiBaJiH xojibKO ^pHXHH^eHHe paKexbi k JlyHe. 

n p H M e p 2. nepiirejiHH HeKOxopbix komcx HaxoAHxcH b6jih- 
3 H opOHXbi lOnHxepa. B xex cjiyqanx, Kor^a KOMexa npoxo^Hx 
b6jih3h lOnHxepa, npn pacqexe ee op6HXbi mo>kho BHyxpH c(j)e- 
pbi aghcxbhh lOnHxepa oxHocHxejibHO CojiHua, xo ecxb BHyxpn 

Luapa c ueHxpoM b uenxpe lOnHxepa h pa^HycoM okojio 
48-10^/cjf, npeHe6peqb BOBMyiuaiomHM bjih^hhcm CojiHua, a 
BHe 3X0H c(|)epbi aghcxbhh — BjiHHHHeM lOnHxepa. 

n p H M e p 3. npH pacqexe nojiexa k Benepe coBexcKoft aB- 

xoMaxHqecKOH MejKHJiaHexHofi cxaHUHH (1961 xoa) mo>kho nojiy- 

MHXb AOcxaxoHHO xopomee npeAcxaBJieHne o6 sxom nojiexe, ecjiH 

a) BHyxpH c(j)epbi aghcxbhh SeMJiH, xo ecxb Bnyxpn mapa, 
OHHcaHHoro OKOjio SeMjiH paAHycoM 930 000 km, npeneOpenb 
BJiHHHHeM CojiHua H BeHcpbi (a yqnxbiBaxb xojibKO npHXH>KeHHe 

SeMJiH); 

6) HOCJie BbixoAa h 3 c4)epbi AeftcxBHH SeMJiH h ao BXOAa b 

c(j)epy aghcxbhh Benepbi npeHe6peqb npHXH>KeHHeM h Scmjih h 
B enepbi h yqnxbiBaxb xojibKO BJiHHHne CojiHua; 

b) HOCJie BXOAa b c(j)epy achcxbhh Benepbi, xo ecxb BHyxpn 
mapa, onncaHHoro okojio Benepbi paAnycoM 600 000 km, 

npeneOpenb rpaBHxauHOHHbiM BoaAeficxBHeM Cojinua h ynn- 
xbiBaxb xojibKO BJiHHHHe Benepbi. 

npH6jiH>KeHHa5i MexoAHKao6biqHO Aaex Aocxaxonno xopomee 
npeACxaBJienne o xpaeKxopnn xohkh P, ecjm ABHFKenne P 
paccMaxpHBaexcH b xeneiine He6ojibmoro npoMe>KyxKa Bpe- 
Menn, npOHCXOAHX b ochobiiom BAajin ox rpannubi c(j)epbi ach- 
cxBHH Meubmen 3Be3Abi n xpaeKxopnn xejia P xojibKO oahh- 
ABa paaa nepecenaex sxy rpannuy. B APyrnx cjiynanx pe- 
ayjibxaxbi, nojiyqenHbie c noMouibio xanofi MexoAHKH, Moryx 
OKaaaxbCH qepecqyp rpyObiMH hjih Aa^e npocxo omH6oqHbiMH. 

KoEAa xoMKa P abh^koxch BHyxpH c(j)epbi abhcxbhh Menb- 
men 3Be3Abi, Mbi — b cooxBexcxBnn c npH6jiH>KeHHOH moxoah- 
KOH — BOBce npeHe6peraeM xeM BjmnHneM, Koxopoe na Hero 
OKa3biBaex 66jibmaH 3Be3Aa, npeHe6peraeM xeM B03Mym,aiomHM 
ycKopenneM, KOxopoe nojiynaex cnyxHHK P H3-3a npHX5i>KeHHH 

K Oojibmen 3Be3Ae. B AencxBHxejibHOCxn 3xo ycKopenne xoxh 

H Majio «B rjiy6HHe» c(j)epbi abhcxbhh, ho ne paBHO nyjiio. 

riocjie dAumeAbHoeo BOBAeHcxBnn 3xoro ycKopennH op6Hxa 

XOHKH P MO>KeX CHJIbHO OXKJIOHHXbCH OX XOH, KOXOpyiO HBM AaeX 

14 * 
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[rji. vr 


nPHMEHEHHH nOH^lTH^l O COEPC AEPICTBH 51 


iipH6jiH>KeHHafi MeioAiiKa. MeM 6jin>Ke iiaxoAnxcH Majioe lejio 
K rpaiiime c(|)epEi achctbiih Meubmen seesAbi, ^eM AOJibiue 

OHO ABII>KeTCH B6nii3H OTOH rpailHUbl, XeM CHJIbHee 

CKa>KexcH iia ero ABiHKenHii B03Myui,aiouj,ee BJinHiiiie 6ojibmeH 

SBesj^bi. 

BosMymaiomee bjih^hho 6 ojibmeH SBesj^bi cymecxBeHHO 
cKa>KexcH H B xoM c.iyqae, Kor^a cnyxHHK ^-/iHxejibHoe BpeMH 
ABH^excH xoxH H «rjiy 6 oKO BHyxpH» c(j)epbi /^eftcxBHH MeHbuieH 
SBesAbi, HO Ha 6 ojibuiHX paccxoHHHHX ox 3 X 0 H 3 Be 3 Abi (na- 
npHMep, Ha paccxoHHHHX xoro nee nop^AKa, hxo paAHyc aghcx- 

BHH MeHbUieH 3Be3Abl). 

TaK, HanpHMep, o6cxohjio ji^ejio c coBexcKOH aBxoMaxH- 
HecKOH Me>KnjiaHexHOH exanuHen (AMC), sanymennoH 4 ok- 

xH6pH 1959 roAa b o6.qex Jlynbi. Hocjie saBepmeHHH (j)oxo- 

rpa(j)HpoBaHHH o6paxHOH cxopoHbi Jlynu AMC ABHxajiacb 
enympu ccjiepbi aghcxbhh SeMjiH oxHOCHxejibHO CojiHua (pac- 
cxoHHHe AMC ox uenxpaSeMjiH ne npeBbiuiajio 5-10^/c;^/, a pa¬ 
AHyc c4)epbr AeHcxBH5i SeiviJiH oxHOCHxejibHO CojiHua paBCH npH- 

MepHO 9-10^ km)\ AMC b xo me BpcMH ABHxajiacb bhc ccjiepbi 

ACHCXBHH JlyHbl OXHOCHXejlbHO ScMJIH. ECJIH 6bl HO 3XHM C006- 

pa>KeHHHM Mbi npeHe 6 perjiH bjih^hhcm CojiHua h JlyHbi, xo no- 
jiyHHJiH 6 bi, Hxo op 6 Hxa cnyxHHKa AOJi>KHa 6 bixb 6 jiH 3 Ka k 
3 jijiHncy, HMCiomeMy oahhm h3 (jiOKycoB uenxp Scmjih. OAHaKO 

XaKOH BbIBOA JIO>KeH: B AeHCXBHXeJIbHOCXH >Ke H3-3a bjihhhhh 
CojIHUa H JlyHbl MHHHMaJIbHOe paCCXOHHHe AMC ox SCMJIH 

y6biBajio c Ka>KAbiM bhxkom h Ha 1 1-m bhxkc (3xo 6biJio b kohuc 
Mapxa 1960 roAa, xo ecxb npHMepno nepes nojiroAa nocjie 
aanycKa) AMC Bouijia b njioxHbie cjioh scmhoh axMoc(|)epbi h 
cropejia. 

SaMexHM, Hxo xanan cyAb6a AMC 6biJia sapanee npcACKaaa- 
Ha Ha ocHOBaHHH xeopexHMecKHX pacqexoB, npoBCAeHHbix c 

yqexoM bjihhhhh Cojiima h Jlynbi. 

npH6jIH>KeHHaH MCXOAHKa MO>KeX npHBeCXH K OUJH6oHHOMy 

BbiBOAy H xoxAa, KOPAa xoHKa P AOJiro abh^kcxch bhc c(j)epbi 

ACHCXBHH MCHbUieft SBCBAbl, HO b6jIH 3H OX 3X0H C(j)epbl ABHCX- 

BHH. Ha paccxoHHHHX ox rpaHHUbi c(j)epbi aghcxbhh xoro me 
nopHAKa, Hxo h paAHyc ccjiepbi aohcxbhh, na xpacKxopHH xohkh 
P euxe AOcxaxoHHO ciLibHO 6yAex CKasbiBaxbCH bjihhhhc mchb- 

meft SBCSAbi. 

3x0 oco6eHHO Ba>KHO ynnxbiBaxb npn nocbijiKC kocmhhc- 
CKHX paKCx K ApyrHM HjianexaM: He6ojibHioe oxKjiOHenne pa- 
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3] 3AJ\AnA O TPETbnf^ KOCMHMECKOPl CKCUn)CTH 


Kexbi OT pacqeiHoro Kypca y rpaHHUbi C(j)epbi AeHCTBH5i 3eM- 
jiH MO>KeT noBJie^b sa co6oh OTKjioneHHe ox naMeqeHHOH uejiH 

Ha MHJIJIHOHbl KHJIOMexpOB. 

B cjieAyiomHX naparpa(j)ax Mbi paccMOxpHM HecKO.ibKO npn- 

MepOB npHMeHeHHH npH6jIH>KeHHOH MexOAHKH. 

§ 3. 3AAAHA 0 TPETbEPl KOCMHMECKOII CKOPOCTH 

rioA reoueHxpHHecKOH cKopocxbK) xohkh (hjih CKOpOCXblO 
oxHOCHxejibHO HeBpaiiiaioLueHCH SeMjiH) noHHMarax ee cKopocxb 
oxHOCHxejibHO KaKOH-jiH6o CHCxeMbi oxcnexa c HaHaJiOM b 

UeHXpe SeMJIH H OCHMH KOOpAHHaX, HMeiOIllHMH nOCXOHHHyiO 

opHeHxauHK) B npocxpaHcxBe, xo ecxb HMeiomHMH HeHSMeHHyio 

OpHeHXaUHK) OXHOCHXejIbHO «HenOABH>KHbIX» 3Be3A. 

riojiyHHB y noBepxHOCxH SeivuiH reoueHxpHHecKyio cKopocxb, 
paBHyio BxopoH KOCMHHecKOH cKopocxH *), paxexa MO>Kex npe- 
oAOJiexb npHXHjKeHHe 3eMJiH, ho oHa ne cmokex BbifixH sa 
npeAejibi cojiHeHHOH CHCxeMbi. Bbihah pi 3 c(|)epbi aehcxbhh 
3eMJiH c MajiOH cKopocxbio oxHOCHxejibHO 3eMJiH, xo ecxb co cko- 

pocxbio OKOJIO 30 KMiceK OXHOCHXejIbHO CojIHUa, OHa HaHHeX 

oOpaLuaxbCH BOKpyr CojiHua no sjijinncy, Ma.io oxjiHnaioLueMy- 
cn ox OKpy>KHOcxn n BecbMa 6jiH3KOMy k opOnxe 3eMJiH. 

OAHaKO MO>KHO cooOiUHXb paKoxe HacxojibKO Oojibmyio 
reoueHxpnnecKyio cKopocxb y noBepxHocxH 3 eMjiH, nxoObi ona 
Morjia yAajiHXbCH CKOJib yroAHO a^jibko ox CojiHua. 

Hoa xpexbeft KOCMunecKOu cKopocmbto noHHiviaiox xy mhhh- 
MajibHyio reoueHxpHnecKyio CKOpocxb, Koxopyio AOJi>KHa HMexb 

paxexa nocjie cxapxa y noBepxnocxH Bomjih a-^^ xoro, nxoObi 
OHa Morjia yAaJiHXbCH Ha JiioOoe CKOJib yroAHO Oojibiuoe pac- 

CXOHHHe OT CojiHua. 

npH 3 X 0 M MbI HMCCM B BHAy CJICAyiOUlHe OrOBOpKH! 

1) BJiHHHHe Ha paxexy Apyrnx xeji, xpoMe Co.xHua h 3eM- 

JIH, MO>KHO He yHHXbIBaXb. 

2) nojiyHHB xpexbio KocMiinecKyio CKopocxb, panexa aoji- 

>Kna ynxH b OecKOHenHOcxb «Ha nepBOM BHTKe», xo ecxb He 

coBepuiHB HH OAHoro nojiHoro oOopoxa hh BOKpyr 3eMJiH, hh 
BOK pyr CojiHua, 

3) He yHHXbiBaioxcn cnjiK)cnyTOCTb 3eMjiH, conpoxHBJie- 
Hne axM0C(|)epbi, BpaiueHne 3eMJiH BOKpyr CBoen och. 


*) Cm. rjiaey II, § 7. 
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[rji. VI 


nPHMEHIiHHE HOH^TH^I O COEPE AEEIGTBH 51 


KpoMe Toro, ynpoii;eHH5i paccy^KAenuft 6yj\eu cqHTaxb, 

HTO 

1) opSHxa 3eM.^H oxHOCHxejibHO Cojinua HBJinexcH OKpy>K- 

HOCXbK) (b AeHCXBHXeJlbHOCXH SKCUeHXpHCHXeX SeMHOH OpSHXbl 

paBeH npHMepHO 0,017); 

2) BCK)Ay BHyxpH c(j)epbi AeftcxBHH SeMJiH MecxHan napa- 
SojiH^ecKan CKOpocxb oxHOCHxejibHO CojiHua xaKan me, kslk 
Ha caMOH opOHxe 3eMJiH (b AeHcxBHxejibHocxH pasHHua Moncex 
AOxoAHXb AO 0,3% ox napaOojiHHecKOH CKOpocxH Ha opSnxe 
3eMJiH). 

B COOXBeXCXBHH C HpHOjIHHCeHHOH MeXOAHKOH MbI npH 

pemeHHH sxoh sa^ann npeneOpeHceM BjiHHHneM CojiHua BHyxpH 



Phc. 6.4. 


C(})epbl AOHCXBHH 3eMJIH H BJIHHHHeM 3eMJIH BHO 3X0H C(|)epbl 

AeftcxBHH. fljiH xoro qxo6bi panexa Morjia yftxH b OecKoneHHOcxb, 
OHa npH BbixoAe hs ccj^epbi aohcxbhh 3eMJiH AOJiHcna HMexb ox- 

HOCHXejIbHO CojiHua CKOpOCXb 

^2 > Va.-, (1) 


rAO t^n.c — MecxHan napaOojiHHecKaH CKOpocxb oxHOCHxejibHO 

CojiHua (pHC. 6 . 4 ). 

Oycxb paKexa nojiyHHJia y noBepXHOCXH 3eMjiH reoueHxpn- 

necKyio CKOpocxb Vq h noAOUiJia k rpannue c(j)epbi aohcxbhh, 

HMOH CKOpocxb Vi (xeoueHxpHHecKyio). nycxb^ tio !» 

rs, /Cs — paA^yc h rpaBHxauHOHHbifi napaiviexp 

3eMJiH, Rji^ — paAHyc ccj^epu aohcxbhh 3eMJiH. Hs HHxerpaJia 

SHepXHH (2.5.2) cjieAyex, hxo 
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^ 3 ] O TPI£TbEW KOGMH 4 ECKOI'^ CKOPOCTH 

$ 


cJieAOBaTejibHO, 





OxciOAa bhaho, 4to Vq Sy^ex HMexb MHHHMajibHoe SHaqeHHe 

xoPAa H xojibKO xoxAa, KOPAa 6yAex HMexb MHHHMajibHoe 
SHa^eHHe. 

TaK KaK paKexa npH bbixoac hs c4)epbi a^hcxemh 3eMJiH 
HMeex CKOpocxb Vi oxHOCHxejibHO 3eMJiH, a caMa reouenxpH- 
qecKan CHCxeMa oxcqexa BMecxe c 3eMJieH nepenocHxcH b 
npocxpancxBe c neKoxopoft cKopocxbio oxHOCHxejibHo 

CojiHua (t^K.c 29,8 km/cck), xo paxexa 6yAex HMexb omnocu- 

meAbHO COAHl^a CKOpOCXb 



OxCIOAa HCHO, 4X0 

^2< 




Bne c4)epbi achcxbhh 3eMJiH yqHXbiBaeM xojibko BJiMHune 
CojiHua. fljiH xoro qxoSbi paxexa Morjia yftxH SecKone^HO 
AajieKO ox Cojinua, ee CKopocxb AOJincna 6bixb ne Menbiiie 

MecxHOH napa6ojiH4ecKOH CKOpocxH oxHOCHxejibHO CojiHua Vn. c* 




2 ^ 


HxaK, Mbi AOJiHCHbi noAoSpaxb BCKxop CKOpocxH Vi xaK, 

4xo6bi BejiH4HHa HMejia MunuMaAbHoe SHaqeHHe, ho BMecxe c 

XeM BbinOJIHHJIHCb 6bl yCJIOBHH (4) H (1). 

3xoro Mbi AocxHXHeM xoxAa h xojibko xoxAa, KOXAa 

Vn.c — (5) 


H B MOMeHx BbixoAa H3 c4)epbi AeHCXBHH 3eMJiH HanpaBJieHHH 
BeKXOpOB Vi H Vk. C OAHHaKOBbl. 

Hs (2) nojiyHHM 



OnpeAejineMan oxciOAa CKOpocxb Vq h 6yAex hckomoh xpexbeft 

KOCMHHeCKOH CKOpOCXbK). 

YnpocxHM nocjieAHioK) 4)opMyjiy. FIocKOJibKy 

V„.c ■--= V2v^,c, 



216 


[YJ\. VI 


IlPHMEIrlEHHE nOH>lTH5I O COEF^E AKWGTBH^I 



{Vn.c - v,.cr = (3 - 2V2)vl.c - O.lSy^K.c 

KpoMe Toro, 2K3/f3 — 3to KsaApaT napa6ojiHqecKOH CKopo- 

CTH paKeTbl B TOqKe y nOBepXHOCTH SeMJIH t^n.s; ^n.S ^ 

;::r: 11,2 Km/cCK, 



rioSTOMy 










Vq ^ 16,7 KMiceK, 

HxaK, xpeTbH KOCMH^ecKan CKopocxb (oxHOCHxejibHO 3eM- 

jih) cocxaBJinex npHMepHo 16,7 kmIcck, 

riOHHXHe 0 xpexbeft KOCMH^eCKOH CKOpOCXH MOHCHO BBeCXH 

AJiH JiFoSoH njianexhi. fljiH ee Bbi^HCJieHHH npHroAHa cjFopiviyjia 

(6), ecjiH B HCH noA t^K.c noHHMaxb CKOpocxb KpyroBoro abh- 
>KeHH5i njianexbi BOKpyr Cojinua, a noA t^n. a — napaSojiH^e- 
CKyio CKopocxb y noBepxnocxH njianexbi. 


SaAaHH 

1. PaKexa cxapryeT na Bbicoxe 230 km Ha^ SeMJiefi c napa 6 oJiHqecKOH 

CKopocxbK), HanpaBJieHHOH napaJiJieJibHo noBepxHOCXH Sbmjih. KaKyio 
CKOpocxb 6yAex oHa HMexb npH noAXo^e k rpaHHue c(}3epbi ;;eHCXBHH Scmjih? 

Ckojibko BpeMeHH saHMex sxox nepejiex? 

2. BbiHHCJiHxe xpexbio KocMHqecKyK) CKopocxb oxHocHxejibHo Mapca, 
MepKypHH H HenxyHa. 

3. CoJiHue HMeex b ^Haiviexpe npHMepHo 1,4- \ km. KaKyio MHHHMaJib- 
iiyK) HaqaJibHyK) CKopocxb (oxHociixejibHo SeMJin) cjiej^yex coo6uj,HTb paKexe 
Ha Bbicoxe 230 km na/i, noBepxHocxbio Sbmjih napaJiJiejibHo sxoh noBepx- 
HOCXH jiJiH xoro, Hxo6bi OHa Morjia ynacxb na CoJiHue? npHXH>KeHHe Scmjih 
yHHXbiBaxb BHyxpH ee c(}3epbi ;^eHCXBHH h npeneOpenb hm Biie sxoh c(j)epbi. 
CKOJibKo BpeMeHH 6y;Fex ^a;^axb paKexa na CoJiHue? 

4. PeiHHxe npe^biAyiuyK) saj^any b npe;FnoJio>KeHHH, hxo CoJiHixe npe;;- 
cxaBJinex co6oh Maxepna.XbHyio xoHKy, ho Macca CoJiHua ocxaexcH npe>KHeH. 

5. EfjiaHHpyexcH aanycK aBXOMaxHnecKOH Me^KojianexHOH cxanuHH 
(AMC) K op6Hxe Mapca. OxcenKa noc.TejFnero jFBiiraxejiH, pasroiiHioiuero 
cxaHUHK), AOJi^Ha npoHSOHXH Ha paccxoHHHH 6800 KM ox uenxpa Scmjih. 
BeJiHHHHa ii HanpaBJieHiie cKopocxH AMC b sxox momchx AOJi>KHbi 6bixb 
pbi6papbi xaKHM o6pa30M, Hxo6bi AMC nocjie Bbixo^a h3 c(}3epbi jfchcxbhh 



nOJIET K BEHEPE 
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§ 4] 

SeMJiH ;;BHra.nacb no op6HTe, KacaioiueHCH op6HTbi Somjih pi op6HTbi Mapca. 
OocjieAHHe ABe op6HTbi npocToxbi cnuTaioTCH KOHueHTpHnecKHMH ok- 

py^HOCTHMH, HMeiolUHMH paj^Hycbi /?3 = 150-10^ km,R^ = 228-10® km. 

Hanj^nxe BejinnHHy CKopocxn Vq, Heo6xoAHMOH xaKoro nepejiexa. 

6. CorJiacHo o^HOMy h3 BapnanxoB nocbiJiKH AMC k Mapcy naccHBHbin 
ynacxoK ee xpaeKxopnn ;i,oJi>KeH Hanaxbcn na paccxoHHHH 6800 km ox uenxpa 
ScMJiH (xo ecxb na Bbicoxe 530 km). Ho.TynHB b nanajie naccHBHoro ynacxKa 
reouenxpHnecKyio CKopocxb AMC AOJi>KHa npn Bbixo^e h3 c(j)epbi j^en- 
cxBHH SeMJiH HMexb napa6oJiHHecKyio CKopocxb oxnocnxeJibHo CoJinua, 
nanpaBJieHHyio no Kacaxejibnon k op6Hxe Sbmjih. KaKyio CKopocxb Vq 
;;oJi>KHa niviexb AMC b mombhx oxcenKH nocjiejpnero jpBnraxejin? 4epe3 Ka- 
Koe BpeMH j^ocxnrnex AMC opdnxbi Mapca? Flpn pemennH npnnnxb xe >Ke 
ynpou;aK)u;He Aonyu^eHHH, nxo n b 3a;i,ane 5. 

§ 4. nOJlET K BEHEPE 

1 . B 3T0M naparpa(|)e mbi npoHJiJiiocTpHpyeM na Ba>KHOM 

npHMepe npHMeneHHe npH6jiH>KeHHOH MeTO^HKH k pacqexy 
TpaeKTopHH nojieia KOCMH^ecKoro annapaxa k ApyrHM njia- 

HexaM. 

KaK HSBecxHO, sanycKH MejKnjianexHbix cxaHUHH k Benepe 
H Mapcy SbiJiH BoepBbie ocymecxBJienbi b Cobcxckom Coiose. Ha- 

noMHHM HCKOxopbie onySjiHKOBaHHbie b nenaxH AaHHbie o6 

aBxoMaxH^ecKOH MOKOjianexHoft cxaHiXHH (AMC), sanyiiicHHoft 
K Benepe b 1961 ro^y *). 12 (J)eBpajiH 6biJi sanyiiien ncKyccx- 

BeHHbiH cnyxHHK SeMJiH. Ero opSnxa 6bijia 6jiH3Ka k OKpync- 
hocxh: nepHreHHoe h anoreftnoe paccxoHHiiH Sbijih paBHbi coox- 
BexcxBeHHO 6601 h 6658 km. B xox >Ke ACHb c 6opxa HC3 cxap- 
xoBajia KOCMHHecKan panexa, Hecman AMC. B MOMenx oxac- 
JieHHH AMC ox paKexbi CKopocxb AMC npeBbiiuajia Mecxnyio 
napa6ojiHHecKyio cKopocxb na 661 mIcck. B 12 nacoB ahh 

no MOCKOBCKOMy BpeMCHH 12 (JieBpajiH AMC naxoAHJiacb na 

paccxo HHHH 126 300 km ox SeMJin. npn Bbixo^e hs ccjiepbi a^h- 

cxBHH SeMJiH (xoHHee, iia paccxoHHHH 10® KM ox uenxpa SeMJin) 

AMC HMejia oxnociixejibno Cojinua CKOpocxb 27,7 kmIcck. 

Mbi 3Aecb npOH3BeAeM pacnex jxm nenoxopon aunomemme- 

cKou aBXOMaxHHecKOH Me>KnjiaHexnoH cxanunn. HcxoAHbie 
Aannbie nouSepeM xaKHM oSpasoM, nxo6bi pacnexbi Sbijin npoiue, 
neM jxji^ cjiynan peajibnon AMC. B xo nee BpeMH sxh ncxoAHbie 
Aannbie Syuyx noAo6panbi xan, nxo6bi xpaenxopnn namen boo 6- 
paneaeMOH AMC 6bijia Aoexaxonno 6.nH3Ka k xpaenxopHH peajib- 

noft AMC, aanymennoH 12 (jieBpajiH 1961 roua. 

*) Cm. raaexy «npaBAa» 3a 26 (jpcBpaJin 1961 ro^a. 
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[rji. VI 


nPHMEHEHHE nOH 5 ITH 51 O COEPE JXEl^CTBU^ 


Htslk, BOo6pa3HM ce6e, qxo 12 (j)eBpajiH 1961 ro^a 6bijia 
sanyiuena k Benepe aBTOMaxu^ecKaH MencnjianexHaH cxan- 
UHH, oxHocHxejibHO KOxopOH HSBecxHO cjieAyioiuee. AMC cxap- 
xoBaJia HenocpeACXBeHHO c HCKyccxBeHHoro cnyxHHKa SeMJiH, 
ABHraBLuerocH BOKpyr 3eM.iH no OKpy>KHOcxH paAnyca p = 

= 6630 KM. npH 3X0M nojiaraeM, nxo HMenno b momckx cxapxa 
c 6opxa HC3 AMC nojiyqnjia cKopocxb, npeBbimaioiuyio 
Mecxnyio napaSojinnecKyio cKopocxb na 0,660 KulceK^). 
ByAGM nojiaraxb, nxo b MOMenx oxKjnoqennH ABnraxejin, 

pasronnBLuero AMC, Benxop CKopocxn AMC 6biji nanpaBJien 

napajiJieJibHO noBepxnocxn Seunn. ilajiee, nycxb nsBecxno, nxo 

12 (|)eBpajiH B 12 nacoB ahh AMC naxoAHJiacb na paccxonnnn 
126 300 KM ox noeepxHOcmu 3eMJiH. KpoMe xoro, opnivieM, nxo 
B MOMenx BbixoAa ns c4)epbi AencxBun 3eMJiH cKopocxb AMC 
cocxaBJinjia 27,6 kmIcck. 

2. 3aMexnM, nxo npnneAeHHbie Bbiuie Aannbie nosBOJiniox 
noAcnnxaxbxox MOMenx, Kor^a nama BOo6pa>KaeMaH AMC aojihc- 
na 6biJia cxapxonaxb c 6opxa HC3. Ha paccxonnnn p = 6630 km 
ox uenxpa 3eMJin napaSojinnecxan cKopocxb panna 



2 • 398 600 ^ y j2o 25 
6630 


10,96 KMlceK. 


B cnjiy namero AonyiuennH, nxo AMC npn cxapxe c HC3 

cpasy >Ke nojiynnjia CKOpocxb, npeBbimaioiuyio Unap na 0,660 
KMlceK, CKopocxb AMC npn cxapxe c 6 opxa HC3 cocxanjinjia 


V 


0 




ip 


0,660 


11,62 KMlceK. 


12 (|)eBpaJiH, B 12 nacoB ahh no MOCKOBCKOMy BpeMenn, AMC 

naxoAHJiacb ynce na paccxonnnn 126 300 km ox nonepxnocxn 


3eMJin n, snannx, na paccxonnnn r 


1 


132 700 KM ox uenxpa 


3 eMjiH. OSosnannM nepes npeMH, npoxenuiee ox MOMenxa 

cxapxa AMC c 6opxa HC3 ao 12 nacoB 12 (|)eBpaji5i. HojiyqnB 

CKOpocxb, npCBbiuiaiomyK) Mecxnyio napaSojinnecxyio cko- 
pocxb, AMC cxajia ABnraxbcn no rnnepSojinnecKon op 6 nxe. 
Hycxb 8 ] — ee SKCuenxpncnxex, | 


A Jinn a ee BemecxBen- 


*) SaMCTHM, MTO nocJieji^Hee AonyiueHHe HBJiHeiCH coBepmeHHo He- 

peaJIbHblM. B Jl^eHCTBHTGcTbHOCTH paSTOHa Me>KnJiaiieTHOH CTaHUHH ;]^0 

xaKOH CKopocTH Tpe6yeTCH neKOTopoe BpeMH, h nocjie axoro BpeMGHH AMC 
;i,oJi>i<na 6biJia y;i,ajiHTbCH ox opduxbi Hecmero ee HCKyccxBenHoro cnyxnHKa 
Ha neKoxopoe paccxoHiiHe (cm. pemeHne aa^ann 9 h3 § 9 xJiaBbi II). 0;;HaKo 

B HaUieM, HHCXO HJIJlIOCXpaXHBHOM, HpHMGpe MbI Ce6e paSpeiHHM CHHXaXb, 

Hxo npHpocx CKopocxH AMC npoHBOuieji MrHOBeHHo. 
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§ 41 


HOH nojiyocH. BocnojibsyeMcn ypaBHenpieM Kenjiepa npH- 

MeHHTecTbHO K THnepSojiHqecKOMy [cm. (3.2.19)]: 


n, Ti 


8^ sh Hi 


H,. 


( 1 ) 


JXjI^ HaXOJKACHHH Ui , 8^, Hi 


MO>KHO npHBJieqb ypaBHCHHH 


r 


ai 1 (ei ch Hi 


1), 


( 2 ) 


u 


K3 


2 

P 


P 


Oil (ei 


Ifli 

1 ), 


(3) 


til 


Vk 


a 


(4) 

(5) 


Hs (3) onpeflejiHM I Ui , m (4) gj, h3 (5) 


(2) chH 


sareM sh Hi h Hi (no TaSjinuaM rHnepSojinnecKHx (|)yHKU,HH) 
riocjie 3Toro ns (1) MOHiHO Han™ Xi. A aaxeM y>Ke JierKo noA 
cnnTaTb momcht tr. cxapra AMC c I4C3. OpnaeAeM cooTBexcT 


Byiomne BBinncjiCHna: 


hi 


V. 


2K?, 


P 


11,622 


2 • 398 600 

'“66W“ 


14,77, 


Ui 


K3 

hi 


P 


a 


+ 1 


n 


Vk 


a. 


fli 


ch Hi = 


a. 


8l 


398 600 
" 14,77 

_ 6630 
“ 26 980 

vtk\ _ 

\ai 

132 700 
26 980 

l72"46 


26 980 {km) , 




1,246, 


V 14,77 
26 980 


3,843 
26980 ■ 


+ 1 


0,1424-10 


-3 


rio TaSjiHuaM [0.19] Haxo;],HM Hi ~ 2,240, sh Hi = 4,644. 


riosTOMy 


OxcioAa 


rii I Ti = El sh Hi 


Hi = 3,5450. 


T 


3,5450-10" 

“0,1424 


24 890 (ceK), 


TO eCTb Ti 


6 HacoB 55 MHHyT. 
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IlPHMEHEiniE I 10 H 5 ITM 51 O C^EEPE AEtlCTBHM 


LrJl. VI 


HTaK, OT MOMeHTa CTapTa AMC c Sopxa HC3 npomjio okojio 
6 qacoB 55 MHHyx. SHa^HX, AMC cxapxoBajia c 6opxa HC3 yx- 

poM 12 (|)eBpa.TH npHMepHO b 5 qacoB no MOCKOBCKOMy BpeMenn: 


t 


0 


5 nacoB. 


3. PaAHyc AencxBHH 3eMjiH Rp,. 3 , oxnocnxejibHO Cojinua 

npHMeMpaBHbiM XQ^km. B cooxBexcxBnn c onncanHon Bbime npn- 
SjiHHceHHOH MexoAHKOH BHyxpn c(|)epbi AencxBHH 3eMJiH noji- 

HocxbK) npeneSperaeM 
BJiHHHneM CojiHua n njia- 

nex H ynnxbiBaeM xojibKO 

BJiHHHne 3eMJiH. np H xa- 

KOM AonyiueHHH op6nxy 

AMC (BHyxpn axon c(|)epbi) 

MO>KHO cnnxaxb rnnep6o- 
jinnecKOH. Ha Sojibuinx 
paCCXOHHHHX ox 3eMJIH 

AMC npaKxnnecKH Aenra- 



V 


Ky 


jiacb npHMOJinnenHO no 


O 


acHMHxoxe k axon rnnep- 
6ojie. 

CKopocxb ^2 othoch- 
xejibHO 3eMJin, c Koxopon 

AMC noAOuijia k rpannue 
c(|)epbi AencxBHH 3eMJin (pnc. 6.5), nanAeivi, nojibsyncb nnxer- 

pajiOM anepTHn: 




2K3 

~R 


- /z, 


V 


2 

u 


A. 3 


2K3 

P 




oxKyAa 


V 


2 

2 


V 


2 

0 


2K3 . 2K3 

~ -i' 


P 


R.. 


14,77 


0,80 


15,57, 


A. 3 


V. 


2 


3,95 {kmIcck). 


( 6 ) 


npH noMomn ypaBHeHHH Kenjiepa JierKO noAcnnxaxb mo- 
MeHX BpeMenn 4? Kor^a AMC noAoujjia k rpannue c(})epbi a^hcx- 
Bnn 3 eMJin. 

j^encxBnxejibHO, BpeMH T 2 , npouieAniee ox MOMenxa cxapxa 
AMCc6opxa HC3 ao MOMenxa ee noAxoua k rpannue c4)epbi 
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AeHCTBiiH 3eMjiH, onpeAe.iHeTCH no 4)opMyjie 




rj\e H 2 yAOBJieTBopneT ycjiOBnio 




A-3 


a 


1 


(e^ch Ho 



( 8 ) 


Orcioia 


R.. 


3 


1 


10« 


ch H 


ai 


26 980 


1 


2 


ei 


1,246 


30,56 


rio xaSjiHUaM HaHAOM 


sh H 


2 


30,53, H 


2 


4,112, EshH 


2 


H 


2 


33,93, 


t 


81 sh H 2 


H 


2 


2 


fii 


33,93 

0,1424 


10 


3 


238 300 (ceK) 


66,19 (nac) ^ 2 cym 18 nac 


Snan MOMenT /q cxapxa AMC, jierKO nanTH, hto AMG jxojiyK- 
na 6bijia noAOHTH k rpannue c(|)epbi AencTBnn SeMJin 14 (|)eB- 
pajin npHMepHO b 23 naca. 

rio ycjiOBHK) Mbi 3HaeM rejiHOueHTpnqecKyio CKOpocTb 

AMC npH BbixoAe ns c4)epbi AencTBnn Seivuin {V 2 = 27,6 KM/cen). 

Stoeo AocTaxonno, KaK yBHAHM Hn>Ke, j\j[^ Haxo>KAeHHn (|)op- 

Mbi H pasMepOB OKOJiocojinenHOH opSnxbi AMG. 

4. SeMJin ABHHcexcn Bonpyr Cojinua no sjijinncy c MaJibiM 
SKCuenxpncnxexoM 83 = 0,01673 Cpe^Hnn CKopocxb 

SeMJiH (xo ecxb CKopocxb, Koxopyio nMejia 6bi SeMJin, abh- 
rancb Bonpyr Cojinua no OKpy^nocxn c paAnycoM, pannuM 
OojibDJon nojiyocn ee opSnxbi) pasna 29,76 km/cck. YnxeM 
sjijinnxnnnocxb opSnxbi SeMJin. 

rioAcnnxaeM cepeAnnbi (|)eBpaji5i (14—15 (|)eBpajiH) cjie- 
Ayiomne Bejinnnnbi: paccxoHnne R 3 SeMJin ox uenxpa Cojinua, 
CKopocxb V 3 ABHJKennn SeMJin oxnocnxejibno Cojinua no ee op- 

6Hxe n ee cocxaBJinfomne Vr n Vn, yroji Me>KAy nexxopOM CKopo-. 
cxn 3eMjiH n ee paAHycoM-neKxopoM. BocnojibsyeMcn A«nn axoro 
npH6jin>KeHHbiMn (|)0pMyjiaMn ns § 4 rjiaBbi III. 

3eMJiH naxoAHJiacb b nepnrejinn 2—3 nnBapn. Ox axoro 
MOMenxa j\o MOMenxa Bbixo^a AMC ns c(|)epbi AencxBnn 3eM- 
JiH npoDjjio npnMepno nojixopa MecHixa. FloaxoMy cpe^Hnn 
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trJi. VI 


rtPHMEHEIIHE O COEPE ^EPICTBU^ 


aHOMajiiiH 3eMJiH cocxaBJinjia b cepeAHHe cj)eBpaji5i 

V 360° . - .ro 

M = ii'st == 1,5 = 45 , 

cos M = sin M 0,707. 

Ho npnSnnjKeHHbiM (|)opMyjiaM h 3 § 4 rjianbi III naxo^HM 

R3 = as (1 - 63 cos M) = 149,60 -lO" (1 - 0,01673-0,707) 

147,83-10" km, 

/ / 

Vr nsasEs sin M, Vn = tisas (1 + es cos M). 
riosTOMy 



5. O^CBHAHO (pHC. 6.6), ^TO CKOpOCTb AMC OTnOCHTCJIbHO 

CojiHua V MOHCCT 6biTb nojiyqena h 3 CKOpocTPi AMC othoch- 

TCJibHO ScMJiH V 2 nyxcM npnSaBJieHHH CKOpocxn Scmjih oxho- 
CHxejibHO CojiHua vy. 



Hs xpeyrojibHHKa co cxoponaMH v, (pnc. 6.6) jicpko 

HaHAGM yroji I(PN a, a cjiCAOBaxejibHO, h SPN e_J 

EE (jp = 90° a' —a. SaxcM mohcho BbiqncjiHXb cocxaBJinio- 
mne CKOpocxH AMC (paAnajibnyio h iionepeqHyio): Vr = 
—t^cosq) w Vn = t^sinq). npHMCHHH xeopeMy KOcnnycoB 
H yqnxbiBaH (6), nojiyqnM: 


cos a 



27,6^+ 30,12— 15 0 

2.27,6.30,1 


0,9943. 


OxciOAa 

a 6°0'; (p - 90° + a' -a 84°40'. 

BbiqucjiiiM vy 



v^^ sinq) ^ 27,6-0,9956 27,48 kmIcck. 
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1^6. riocjie BbixoAa AMC hs c(j)epbi AeficTBHH 3eMJiH h j\o ee 
noAXOAa k c(|)epe aghctbhh Benepbi yqHTbiBaeM tojibko bjihh- 
HHe CojiHua H ripeHe6peraeM BJiHHHHeM 3eMJiH, Benepbi h 
A pyrHX HeSecHbix Teji na AMC. FIpH TaKHX ycjiOBPinx Tpaex- 

TOpHK) AMC MO>KHO TCnepb C^HTaTb KOHHqeCKHM Ce^CHHeM c 


(|)OKycoM B ueHTpe Cojinua. 
HoAC^HTaeM nocjieAOBaxejib- 

Ho BejiHqHHbi a, p, a, e, 

a = R3Vn - 147,8-10^X 

X27,48 - 4061,5-10^ 

o" 1650-10'^ 

1325 - 10 « ~ 

= 124,5-10^ KM. 


BbBiHCJiHM a: 





= 128,5-10^ KM. 


Phc. 6.6. 


rioAcqHTaeM xenepb e. HivieeM: p =- a {I — e^), OTKy^a 



BbiqHCJiHM paccTOHHHe OT CojiHua j\o nepHrejipPH h a(|)ejpHH op- 

6piTbi AMC: 


ea = 0,176-128,5-10^’ 22,6-10" km, 

r, - a 128,5-10" -22,6-10" 106-10"/c.4^, 

= a -1 ^ci ^ 151 -10" km. 
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nPHMEHEHHE nOH 5 ITH 5 I O COEPE AEWCTBH^l 


LrJl. VI 


7. noKa>KeM, KaKHM o6pa30M momuo npeACKasaib momcht 

c6jiHmeHHH AMC c Benepofl. OycTb C — KaKaH-jiH6o TO^Ka 
(pHc. 6.7), B KOTopoii OKasajiacb AMC npH Bbixo^e h 3 c(})epbi 


C 


HonoofCGHue Sgm/iu 
6 MOMGHm cmapma 


flo/7OOfCGHUG 3 gM/1U 

d MOMGHm Cd/lUOfCGHUH 

AMC c BeHGpou 


'muHUH 03/70( 

'opfumb! AMC 

^fJo/700KGHUG BeHG 

^ pb! O MOMGHm — 

, cg/7ujfce HUH 

\AMCcBeHepoiil S 


t 




Phc. 6.7. 


c 


fonoMenue 

BGHQpb! S I -<3 

MOMGHm I §. 

cmapma / 


;^eHCTBHH SeMjiH, D — xo^Ka Bcxpe^H xpaeKxopHH AMC c op- 

6htoh BeHepbi. Ayra CD npeAcxaBJiHex codoii Ayry sjiJiHnca. 
noAc^HxaeM, ckojibko BpeivieHH x AO'^>KeH 6bLT aaHHXb nepejiex 
no 3T0H Ayre. yAo6Hee Bcero BOcnojibaoBaxbCH jxjin sxoro (})op- 
MyjioH JlaM6epTa (cm. § 5 rjiaBbi III). 

a) Cnanajia BbinncjiHM HcxnnHbie anoMajinn 0c h 0/; xoncK 
C H D. H3 ypaBHCHHH op6nTbi AMC cjicAyex, nio 


R 


3 


P 


1 


8 COS 0c ’ 


COS 0 


c 


p 


Rs 


147,8 


124,5 


B^3 


0 


0,176.147,8 


206". 


0,8957, 


c 


OpOnxa Benepbi aHannxe.ibHO 6.in>Ke k 0Kpy>KH0CTH, ncM 

opOnxa ScMJin, n HMcei SKcueHTpHCHTex okojio 0,006. HoaxoMy 
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Mbi Mo:»ceM B HauiHX pac^eiax npHHHXb, hto npn noAxoAe AMC 
K opdHxe BeHepbi (k ccfiepe ;;eHcxBHH Benepbi) paccxoHHHe ox 
BeHepbi AO ueHxpa CojiHua 6biJ70 paBHO 6ojibiiiOH nojiyocH ee 

opdHXbi, xo ecxb Rb = 108,1-10^ km. 

OnpeAOJiHM HcxHHHyio aHOMaJiHio 0^ AMC b sxox momchx: 




_P _ ^ 

8 COS 0D 


oxKyAa 





-Rb 

^Rb 


124,5 — 108,1 
'0,176-108,1 



«yrjiOBaH A^-^bHOcxb)) Me:»CAy xoMKaMH C u D paBHa 



6) 4xo6bi BOcnojibSOBaxbCH (})opMyjiOH JlaiviOepxa, naAO 


eme HaftxH A-^iHHy s xopAbi CD. 


s 


2 


R^ 


3 


R 


2 

B 


2R3'Rb cos 



I) 


0 


c 


495-10l^ 



a) no (|)opMyAe JlaM6epxa 

tiT = — (sin Xi — sin ^ 2 ) — 2,085 — 0,012 = 2,073. 

HoaxoMy x = 2,073-4-10^ ceK x 96 dneu. 

M. B. BajiK 
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riPHMEHEHHE riOH 5 ITn^ O Cd^EPE AKl'iCTBlI^l 


[r.i. \ i 


IIxaK, AMC Ao;i>KHa iioaohth k opGiiie Benopbi npiiMcpiio 

qepea 96 Anen iiocAe Bbixo^a h 3 ccj)epbi Scmah. Tax 

KaK K 3T0My BpeMeHii na tom >Ke yqacxKe opoiixbi AOA>KHa 6bLia 
OKasaxbCH Benepa, xo ee ripHXH>KeHHe hcmhoeo ycKopnx abh- 

>KeHHe AMC. TaKUM odpasoM, c6AH>KeHHe AMC c BeHepofi 
AOJi>KHO 6biAO npoHSOHXH npuMepno ^epes 96 cyxoK nocjie 

14 (fieBpajiH, HHbiMH CAOBaMH, OKOAO 20 MaH 1961 roAa. 

CpaBHHM eiue rejiHOuenxpHqecKHe CKopocxH AMC n Be- 

nepbi npH noAxoAe AMC k c^epe aohctbhh BeHepbi. Oycxb b 

3T0 BpeMH ub — CKopocxb Bciiepbi, lvb h --ee paAnaJib 
nan h nonepeqnaH cocxaBA^iomiie. Mo>kho npauHTb, - 

^rB 0 (h6o opSaxa Benepbi OMenb 6jiH3Ka k OKpy>KHOcxiij. 

OosTOMy 

U,n vb =yi<iRV=- V 35,0KM/ceK. 

06o3HaqHM ^epes v,-a h VnA paAHajibHyio h rionepe^Hyio 
KOMnoHenTbi cKOpocxH AMC (oTHOcHxeAbHO CojiHua), a ^epes 
£^4 — ee CKopocTb oxHOCHxejibHO Benepbi. TorAa 



TaKHM o6pa30M, npn noAXOAe k c(})epe AeftcxBHH Benepbi 
(18—19 Man) AMC Aoronnjia Benepy co cKopocxbio V4, paB- 

noH npHMepno |^2,6‘^ + 3,1^ = y 16,37 4,0 kmIcck. Tan 

KaK paAnyc c(j)epbi AencxEnn Benepbi cocxaB.xnex okojio 
600 000 KM, xo jierKO iipoBepnxb, nxo xanan CKOpocxb oxno- 
cnxejibno Benepbi na rpanime c(j[)epbi AencxEnn Benepbi hb- 
AnexcH rnnepOojinnecKon. AencxBnxeAbno, riycxb ATb — rpa- 
BHxauHonnbiH napaMexp Benepbi, —ee paAnyc AencxBHH, 
/zb Koncxanxa siieprnn AMC npn ee ABH^Kennn oxnocnxejib- 



no.lF.T K BHIIEPE 





CjieAOBaTejibHO, kofasi AMC nonajia b C(|)epy AeiicTBHH Beiiepbi, 

TO BnyxpH 3T0H c({)epbi AOHCTBHH AMG ABHra-Jiacb OTHOCHie.ib- 

HO Benepbi no rHnep6ojie. 

Hmoh rnnepoojinnecKyK) cKopocxb oxnocnxejibHO Benepu, 
AMC AOJi>i^Ha 6biJia BbiHxn 113 cc})epbi jxqhctbh^i axon rijianexbi. 
Ooc/ie 3xoro ona oiinxb cxana ABiiraxbCH Bonpyr Co.anua no 
3 .^JIHrIx^l^ecK 0 H op6nxe. OAnaKO 3xa 3JijiHnxHnecKaH op- 
6Hxa snannxejibHO oxjinqaexcn ox xon op6nxbi, no Koxopon 
AMC ABHFajiacb jxo Bxo^a b c({)epy AencxBnn Benepbi. 


15 * 



r JIAB A VII 


OrPAHH4EHHA5I 3AAA4A TPEX TEJI 


§ 1. nOCTAHOBKA 3AAAHH 

B pn^e cjiyqaeB paccMOTpenHan b npeAbiAyiueft rjiaBe 
npH6jiH>KeHHaH MexoAHKa mokct npnBecxH k cjihuikom rpy- 
6biM HJiH jiame oiiiH6oqHbiM BbiBO^aM noxoiviy, qxo mu noAHO- 
cmbfo npenedpeeaeM b oxAeJibHux o6jiacTHX npocxpaHcxBa 
BJiHHHHeM Bcex xeji KpoMe OAHoro. PemeHHe >Ke saAa^H o abh- 
>KeHHH HecKOJibKHX xeji npH noAHOM yneme hx BsaHMHoro npH- 

T5I>KeHHH npHBOAHT K CJIHUIKOM XpOMOSAKHM ypaBHeHHHM. 

OAHaKO npH pemeHHH saAa^ KOCMonaBTHKH h mhofhx sa- 
Aau acxpoHOMHH mo>kho BOcnojibsoBaxbCH HeKOxopuMH ynpo- 

lUaioiUHMH odcTOHxejibCTBaMH: 

a) MacTO Mo>KHO orpaHHMHTbCH paccMOxpeHHeM CHCxeMu, 
cocTOHiueH TOJibKO H3 xpex xeji (nanpHMep, 3eMJi5i — Jlyna — 

paKexa); 

6) Macca OAHoro h 3 xeji HacxojibKO HH^xo^Kna no cpanBennio 
c MaccaMH AByx Apyrnx xeji, nxo mox^ho nojinocxbio npeneS- 
penb xeMH ycKopennHMH, Koxopue npHo6pexaiox ABa «6ojib- 

mHX» xejia H3-3a npnxHjKenHH k «MaJioMy» xejiy (xaR mu y>Ke 
panbiue aaMexnjin, sxo paBHOCHJibHO xoMy, nxo mu npeHe6pe- 
raeM cuaumu , c KoxopuMH Majioe xejio npnxnxHBaex k ce6e 
dojibnine xejia, xo ecxb paccMaxpHBaeM MaJioe xejio Kax ne- 
npnxnrHBaioLAee); 

b) Maccy KamAoro h 3 xpex xeji mo>kho cnnxaxb cocpeAoxo- 
nennoH b ero 6apHueHxpe, xan nxo BMecxo xpex xeji mohcho ro- 

BOpHXb 0 xpex MaxepnajibHux xonnax. 

npH 3XHX npeAnojio>KeHHHX ABH^Kenne AByx 6ojibiUHX xeA 

He saBHCHx ox ABH>KeHHH Majioxo xejia n mu npuxoAHM k pac- 

CMOxpeHHK) cjieAyKDLuen aaAann. 

Cnnxan HBBecxHUM ABH>KeHHe AByx MaxepnajibHUX xoneK 
(«3Be3A») (^ 1 , H (.42, oxnocnxejibHO nx dapnuenxpa, 
naynnxb ABH^enne xpexbeft MaxepnajibHOH xohkh («cnyxHHKa) 



§ 2] OrPAHHHEHHAH KPyrOBA5I SAJAMA TPEX TEJl 229 

(P, m) npH ycjiOBHH, mto ee npHTHPHBaeT Ka^K^an hs AByx 
SBesA, HO OHa caivia hh OAHy hs sthx sbcsa ho npHTHTHBaei *). 

Sxa saAana hocht nasBaHHe oapaHmenHou sadmu mpex meA 
(«orpaHHHeHHaH» — h6o na Maccy oahopo hs xeji — cnyxHH- 
Ka — HajiOHceHO orpaHnneHne: ona npeAnojiaraexcn HenpnxH- 

PHBaioLAeH). 

HnoPAa npHXHrHBaK)u;He MaxepnaJibHbie xohkh nasbiBaiox 

aKXHBHO rpaBHXHpyK)u;HMH, a HenpHXHrHBaioui,yK) xonxy — 
naccHBHO rpaBHXHpyiou;eH. 

OrpaHHHeHHyio saAany xpex xeji BnepBbie paccMaxpHBaji 

Jl. Sftjiep B CBHSH c xeopneH ABHmeHHH JlyHbi (1772 eoa). 

B npomjiOM cxojiexHH sxy saAany usynam HeivieuKHH Maxe- 

MaxHK K. r. 51 ko6h, aMepHKaHCKHH acxpoHOM JXm. B. Xhjiji, 

(|)paHuyscKHH MaxeMaxHK A. OyaiiKape, pyccKHH MaxeMaxHK 

A. M. JlnnyHOB h aP- Xhjiji npHMeHHJi sxy saAany k nocxpoe- 

HHK) CBOeH XeOpHH ABHHCeHHH JlyHbi. 

Bojibujoe BHHMaHHe npHBJiexjia sxa saAana b XX Bene (pa- 
6oxbi T. JleBH-^HBHXbi, JX^K. BHpKro(})a, H. JX- MoHceeBa, 

r. H. fly6oujHHa h aP-)* 

Oahh hs HaH6ojiee npocxbix BapnaHxoB orpaHHneHHOH sa- 

AaHH xpex xeji BOSHHKaex npn cjieAyioiUHX AonojiHHxejibHbix 

yCAOBHHX: 

а) MeHbuiaH snesAa ABH>KexcH BOKpyr 6ojibiueH no OKpy>K- 

HOCXH; 

б) B HHepuHajibHOM npocxpancxBe cnyxHHK h o6e SBesAbi 

ABH}KyXCH B OAHOH H XOH me HJIOCKOCXH. 

3xox BapnaHx orpaHnneimoH saAanii xpex xeji nasbiBaexcn 

oapaHUHeHHOu haockou Kpyaoeou sadmeu mpex meA. K 3toh 

saAane cboahxch, iianpHMep, nsyneHiie ABHHcenHH KocMHne- 
CKOH paKexbi noA BOSAeftcxBHeM BeMjiH h CojiHua b cjiynae, 
KOEAa opSnxa paxexbi naxoAHXCH b hjiockocxh skjihhxhkh. 

§ 2. AHOOEPEHUMAJlbHblE YPABHEHM^ OEPAHMMEHHOft 
KPy^OBO^^ 3AAAHM TPEX TEJl 

1. Oycxb ABe bkxhbho rpaBHxnpyioLAHe MaxepnaJibHbie 

xoHKH (AI, m^ H (As, m^ ABH^nyxcn oxHOCHxejibHO iix 6apH- 

ueiixpa C no OKpy^KHocxHM. Hac nnxepecyex ABiiH^enne nac- 

CHBHO ppaBHxnpyioiueH Maxepna.nbHon xohkh (P, m) 

*) TepMHHbi «3Be3Aa» h «cnyTHHK» (cHCTeMbi AByx npHTHrHBaioii;Hx 
ueHTpoB) ynoTpedJiHiOTCH 3Aecb ycjioBno, HCKcHiOMHiejibiio pa;;H KparKocTH. 
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OrPAIIII'IEIIIlAM 3A/I.AHA TPHX TllJl 


IrJl. VII 


«cnyTniiKa')) b rpaenTamioiiHOM nojie, cosAaBae.MOM stiimh 


AByM^ << 3BPSAaMn ». 


BbiSepeivi npaBOOpiieHTHpoBaHnyio npHMoyro.Tbiiyio ch- 

CTeMy KoopAHHax CXYZ (puc. 7 . 1 ) c na^ajioM b 6apHueHTpe 

C AByx 3Be3A (^1, nti) H 

{A. 2 y m 2 ) H c OCHMH, no- 

CTOHHHO OpHeHTHpOBaH- 

B npocxpaHCTBe. 

Opu 3 X 0 M ocb a6cuHcc CX 

n36epcM xaKHM o6pa30M, 

^xo6bi ona coBnajia c ocbio 
CAi B KaKofi-xo Ha^ajib- 



HblMH 


o 


IlblH 


MOMenx 




BpeivieiiH 


0 ); 3a njiocKOcxb 


CXY iipHMeM njiocKOcxb, 


B 


O 


KOXOpOH 


ABH>KyxCH 

XOqKH 


Phc. 7.1 


MaxepHajibiibie 
(Ai, m^) ii (A 2 , niy) oxhoch- 
xejibiio HX 6apHueHxpa; 
no.io>KHxe.ibHoe nanpaB- 

jieHHe ocH annjiHKax CZ 

Bbi6epeM xaKHM o6pa30M, 
qxo6bi H3 Ka^KAOH xoq- 
nojio>KHxejibHoro Ayqa 


3X0H OCH ABHmCHHe TOHeKA^ H A 2 OXHOCHXG.UbHO HX 6ap 
pa 6bLnO BHAHO npOXOAHLIlHM npOXHB qaCOBOH CXpCAKH 

Bbcacm o 6 o 3 HaqeHHH: 



Tax KaK C — 6apimeHxp xoqex {Ai,mj) h {A2. 1712),to 
— m2/?2- KpoMC xoro, OxcioAa cjicavcx, qxo 

Ri = [ia, R, = (1 — fi)a. (3) 

Ch.ih Fi II Fo, c KOTopuMH SBCSAbi m,) II {Ao, m.,) npn- 

THi'iiBaiOT TOWKy {P, m), paBUbi cooTBeTCTBemio 

fm^m (/?i — /?)/p-> 11 fm,m {R„ — R)/p::. 


( 4 ) 
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CorjiacHO BiopoMy saKony HbiOTona 



OTKyAa 




3to h ccTb AH(|)4^epeimHa.ibHoe ypaBnenne ABH^KeHHH to^kh 

{P, m) B iiHepuHa.ibHCH cHCieMe CXYZ. 

2. MSBeCTHblH HCMeUKHM MaTeMaTHK K- F. ^Ko6n eiue B 

1834 roAy BaMeTH.i, ^ito ueniiyio MiicJ)opMauHio o ABn>KeHHH 

cnyTHiiKa (P, m) MO>Kiio nojiyqnTb, ec.ipi nepeHTH k ApyroH 
ciicieMe OTCBeia, a HMemio, k cncieMC OTcqeia, BpamaiomeHCH 
BOKpyr oc[i CZ BMecxe c ocbio /lo/li- 

BbiSepeM HOByK) (y>Kc iieHHepuHa.TbHyK)) npaBOopiieHTH- 
poBannyio ciicieMy oicqeia Cxyz. OycTb ocbio aScuHCC Cx b 

KaMdbill MOMeilT BpCMeHII (lie TOJlbKO npH t 0!) CJiy>KHT OCb 

CAi, n.iocKOCTb Cxy coBnaAaex c njiocKOcxbio CXY, a ocb Cz — 
c ocbio CZ. 

06o3naqHM qepes co yr.iOByio CKopocTb, c KOiopoH SBesAbi 
H A^ oSpaLuaiOTOi BOKpyr hx 6apHueHTpa. TaKHM o6pa30M, 
HOBan CHCieMa KoopAHHax BpamaexcH BOKpyr och CZ c yrjio- 

BOH CKOpOCXbK) (0. 

B 3XOM naparpa(|)e Mbi BbiBeAeivi AH(|)(|)epeHLi;HajibHbie 
ypaBHeHHH ABH>KeHHH cnyxHHKa P bo epaiyatoLyeucn cHcxeMe 
oxc^exa Cxyz. OpeABapHxe.TbHO ycxanoBPiM oaho BcnoMora- 
xejibHoe xo>KAecxBO. 

0603HaMHM eAHHHHHbie BeKXOpbl OCeH CHCXeMbI KOopAHHax 

CXYZ qepes /, J, K cooxBexcxBeiiHO, a cHcxeMbi KoopAHHax 
Cxyz — nepes i, j, k. Oycxb KOopAHHaxbi xohkh P b sxhx ch- 


cxeMax oxcnexa 
ToxAa 

cooxBexcxBeuHO 

paBHbl X, F, Z H 

X, y, z. 


R = XI + YJ -1 ZK. 

(6) 

no.ao>KHM 

\ 

—1— 

1 

H 

\ 

i 

1 

1 

• 

(7) 

nOlIHXIIO, MXO 

R 

r. 
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[rjl. VH 


yCKOpeHHe TOMKH P OTHOCHXejIbHO CHCXeMbl OXCMCXa CXYZ on- 

peAejinexcH no (fiopMyjie 

R = XI + YJ + ZK, (8) 

a cKopocxb H ycKopenne xoh jko xomkh P oxnocnxejibHO cHcxeMbi 
oxcnexa Cxyz — no anajiornnnbiM ({)opMyjiaM 

r = xi + yj + zk, r = xV + yj + zk. (9) 

BbipasHM R nepes r, r, r n (o. 

HexpyAHO y6eAHXbC5i b xom, nxo 

X ^ X cos — y sin co/, Y — x sin co/ + y cos ixst, Z = z 

( 10 ) 

H 

I = i cos ( 0 /^ —- j sin co^, J = i sinco^ + J cos (o/, K = k)- 

(11) 

• • ♦ ♦ ♦ ♦ 

Ecjih, nojibsyncb (})opMyjiaMH (10), Bbinncjinxb X, Y,Z n noA- 
cxaBHXb nojiynennbie Bbipa^KcnnH bmccxc c Bejimmauii I,J, K 
B (})opMyjiy (8), xo nocjie ynpoui^ennH nojiynnM: 

R = xi + 'yj + "zk + 2(^ {—yi + xj) — co^ {xi + yj). (12) 

Bbcacm b paccMOxpenne (kbr sxo nacxo ACJiaexcn b Mcxann- 
Ke) eeKtnop yrjiOBon cKopocxn o) no (})opMyjie 

0) — (ofe. 

Tor^a, BOcnojibsoBaBUJHCb xojkaccxbom a X {b X c) = 
= b {a c) —C'{a b)y paBcncxBO (12) mo>kho nepenncaxb xax: 

^ r + 2 (o) X r) + 0 ) X (o) X r). * (13) 

3x0 H ecxb HCKOMoe BcnoMoraxejibnoe xojkaccxbo. 

3. nepeHACM xenepb k BbiBOAy ypanneHnn ABn^Kennn cnyx- 
HHKa P BO epamawiyeucK chcxcmc oxcnexa Cxyz. 

Oycxb SBCSAbi A-^w A<i hmciox b chcxcmc oxcncxa CXYZ ko- 
opAHHaxbi (Xi, Fj, 0) H (X 2 , F 2 , 0). B chcxcmc oxcncxa Cxyz 

OHH HMCIOX KOopAHHaxbi (x^, 0, 0) H {x^, 0, 0), p^c JCj -- (1 — \i)a 
H ^2 = —fxa. 5 Jcho, hxo 

/?1 - XJ + YJ, /?2 - XJ 4 YJ. 
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§ 2] 


OOJIOJKHM 


r 


1 




r 


2 


x^l. 


ToEAa 




Ri 


-> 


r 


i> 


CA 


2 


/?2 


r 


2 


(14) 


BocnojibSOBaBUiHCb paBencTBaMH (14) h (13), hs ypaBHeHHH (5) 


nojiy^HM cooTHOuieHHe: 


r 


2 (wxr) —(OX (wxr) 


p 



fm 


2 


3 


P2 



2 


O- 


(15) 


rile 


Pk 


fk 


r 


V {Xk 



2 I V .2 


y 




1 , 2 . 


YpaBHeHHe (15) h ecxb eeKmopnoe AH^^^^epeHunajibHoe ypaB- 
HeHHe ABH}KeHHH cnyxHHKa P bo BpaLuaiOLueHcn cHcxeMe 
KOopAHHax. /Ipyryio sanncb xoro me ypaBHeHHH nojiy^HM, 
ecjiH BOcnojibsyeMCH paBeHcxBOM (12) 


r 


2(0 {yi 


Xj) 


(0 


^ (x/ + i'y) + 1 


p? 



fm. 


3 





2 



(16) 


riocJieAHee BeKTOpHoe ypaBHCHHe paBnocHJibHO cHcxeMe h3 

Tpex cKajiapHfaix vpaBHeHHH Bxoporo nopHAKa: 




2(i>y -f (o^x + (xi 


P 



fm^ 


p; 


3 (^2 


x), 


\ 


2 


# • 


y 


2(ox 




/m. 


3 


P 


y 


frth 

9l 


I 


(17) 


z 


/^i 


3 


z 


fm 


2 


P 


3 


z 


1^2 


ripH KOHKpeXHbIX ^HCJIOBblX SHaqeHHHX BeJIH^HH H 

HedojibiiiHX npOMemyxKOB BpeMeHH mo>kho peuiHXb axy 


iiMA51 aajia'ia tphx 'iii/i 


[I'JL VII 



cHCTCMy iipH6jin>KeHHO, ecjin xopouio pa3pa6oTaHHbie 

B coBpeMeHiiofi MaxeMaTiiKe AiexoAbi qiiCJieiiHoro Piiixerpn- 
poBanHH AH(|)cj)epeHUHa.TbHbix ypasneHHH h BOcnojibaoBaxbCH 
dbicxpoAVHCXByfoiUHMn BbiqiiCciHxe.xbHbiMii MamnnaMH. Ta- 
KHM o 6 pa 30 M, MO>KHO npeABbiBHC.iHXb xpaeKxopHK) nojiexa 
KocMHqecKoro aiinapaxa iia xex yqacxKax, r^e Heodxo^HMO 
yqiiXbiBaxb ero xqroxennc k d&//ji He 6 ecHbiM xejiaM (HanppiAiep, 

b6.tii3h rpaHHixbi c(|)epbi AeHCXBiiq oahow h3 3xhx xe.i). 

4. B xeopexqqccKHX HCcne/^OBaHHHX ;^.xh ynpouieniiq Bbi- 
Kjia;xoK qacxo nojib3yK)xcq cjie/^yiomeH chcxcmoh mnoHUHe- 
cKux eAHiiHu: 3a CAHHHuy xiaccbi iipiniPiMatox cyMMy Aiacc ;^Byx 
iipnx5irHBaK)Lunx uenxpOB (m, ! nu 1); 3a CAiiHHixy pac- 

cxoHHiiq — paccxosiinie MOKa.y iipiixqriiBaioiUHMH ueiixpaiviH 

(a A^A., ^ 1); aa cvuniimy BpeMeiiii —xo BpeMq, ko- 

xopoc iioxpetryexcH xoqKC A^ oniicaiiHq BOKpyr A., Ayrii 
B 1 paAHaii (b HiiepuiiajibHOH cHcxcMe oxcqexa). 

B 3X0H CHcxeMe caiiiihu iiepnoA T o6paii;ciiHq xoqKPi Ai^ bo- 
Kpyr Ao cocxaB.Tqex 2jx cahhiiu. Ho no cjjopMy.qe (2.9.10) 

/ {nil A- /7Z2)/4n^. Hpii a — 1, 7" == 25x, tn^ 1 

nojiyqHM, qxo f -~= \. Hxax, b KaHOHmecKOu cucmeMe edunui^ 
f 1. B KaHOiinqecKOH CHCxeMe cahhhu mo>kfio b ypaBHemi- 
qx (17) nil aaMCHuxb iiaj.x, riu— iia 1 — p., / — Ha 1, (o — Ha 1: 




Hojiaraq b ypaBHCHiinx (17), (18) z ri: 0, nojiyqHM AH(|)(j)epeH- 

UHa.qbHbie ypaBHennH ABH/KeHHH ciiyxHHKa b orpaHHqeHHOH 
tiAOCKOu KpyroBOH 3aAaqe xpex xtxx. Tax Kax npn z ~ 0 xpexbe 
H3 ypaBHeHHH (18) npeBpa]i;aexcq b xo>KAecxBO 0 = 0, xo 
paccMaxppiBaeMaq ii.iocKaq aaAaqa onpicbiBaexcq CHCxeMOH 
AH(|)(|)epepmHa.xbHbix ypaBHeiiiiPi Hemeepmoao nopHA^a oxho- 
CHxejibHo AByx BeinecxBeiinbix (l^yiiKPaiiH x (/) pi ij (/). 

ypaBiieiHie (15), xapaKxcpiiayiomee ABPi>KeHHe ciiyxHiiKa 
(P, m) BO BpaLAaPOLAeHcq CHCxcMe oxcqexa Cxyz, oxjiiiqaexcq 
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OT ypaBHeHHH criyxHHKa b HHepuHajibHOii ciicxeMe 

OTC^exa (5) TOJibKO hobbimh cjiaraeMbiMii — 2 (o) X r) ii 
— w X (o) X r) B npaBOH qacxn ypaBnennH (15). KaKOB >Ke 

HX 4)H3HB[eCKHH CMbICJI? 

noHBJieHHe 3XHX cjiaraeMbix CB^sano c KeHHepuHajibHO- 

cxbK) cHcxeMbi oxcqexa Cxyz. Bejin^HHa — o) X (o) X r) 
[hjih, qxo xo >Ke, 0)^ + “^to Li;eHxpo6e>KHoe ycKope- 

HHe. Oho HMeex KOMnoHeHXbi h co^^. B c.xynae hjiockoh 

orpaHHHeHHOH saAaHH xpex xe.x axo ycKOpeHne HanpaBJieHO 

—-> 

xaK >Ke, KaK h paAHyc-BeKxop cnyxHHKa CP. Bxopoe cjiarae- 
Moe ^ —2(o) x r) hjih, hxo xo >Ke, 2(o {yi —xj ),— 

B3HX0e CO SIiaKOM «MHHyC>> KOpUOAUCOeO yCKOpCHHC. Ero 

• • 

KOMnoHCHexbi paBHbi 2(oy h — 2o)x. Oho nanpaBJiCHO, one- 
bhaho, nepncHAHKyjiHpHO k BCKxopy cKopocxH cnyxHHKa. 
B cjiynae tiAOCKod orpauHneiiHOH saAaHH xpex xeji BeKxop ko- 
pHOJiHcoBa ycKopeHHH jie>KHx B HjiocKOcxH opdnxbi cnyxHHKa. 

^BH>KeHHe cnyxHHKa oxHOCHxejibHO unept^uaAbHou cHcxe- 
Mb! oxcHcxa CXYZ 6yAeM KpaxKO nasbiBaxb adcoAfomnbiM 
ABH>KeHHeM, a ero ABH>KeHHe oxHocHxejibHO epau^atoiyeucH 
CHCxeMbi oxcnexa Cxyz HasoBCM KpaxKOcxH otriHocumeAbHbiM 
ABHHceHHCM. AnajiorHHHbiM o6pa30M 6yAeM pa3jiHHaxb a6co- 
jitoxHyto H oxHOCHxejibHyio CKOpocxH H adcojitoxHoe h oxhoch- 
xejibHoe ycKopcHHH cnyxHHKa. 

SaMexHM eiAe, hxo ypaBHCHHH (17) mo>kho aanncaxb b bhao, 
6ojiee yAodnoM jxjih aanoMHHaHHH. JXji^ sxoh ue.xH bbcaom b 
paccMoxpcHHe ^^yHKUHio 




co^ (X^ + y^) + f 





/lerKO npoBepHXb, hxo CHcxeMy (17) mo>kho npHBecxH k BHAy 




2 ^ 
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[rji, VII 


5. HHTerpaji 3 ko6h. yMHO>KaH nepBoe h 3 ypae- 

• • • 

HeHHH (20) Ha 2 a:, BTopoe — Ha 2y , a Tpexbe — na 2z h CKJia- 
j^biBan no.JiyqeHHbie npoHSBeAeHHH, naftAeM: 



HJIH 



06o3HaqHM qepes v CKopocib cnyTHHKa OTHOCHiejibHO Bpaiuaio- 

nj^eficH CHCTeMbi OTcqeia Cxyz. Tor^a 


H 


OTCio^a 




c — KOHCTaHTa. 

PaBencTBO (21) HB.JiHeTCH nepBbiM HHTerpajiOM CHcxeMbi 

(20). Oh hocht nasBaHHe unmeepaAa ^ko6u. 3tot HHierpaji 

MO}KHO SaHHCaTb H B BH^e 



EcJIH B KaKOH-TO MOMCHT BpeMCHH H3BeCTHbI OTHOCHTeJIb- 

Han cKopocTb cnyTHHKa h ero nojio>KeHHe, a cjiCAOBaTCJibHo, ero 

paCCTOHHHH Pi H P 2 OT 060 HX HpHTHrHBaiOH^HX UCHTpOB, TO 

H3 HHTcrpajia 3 ko6h mojkho nafiTH KOHCTanTy c. Ecjih saTCM 
OyACT aaAano nojioJKeHHe cnyTHHKa b KaKon-jindo Apyron 
MOMCHT BpcMCHH, TO c noMouj,bK) HHTcrpajia 3 ko6h mojkho 6 y- 

ACT H A‘^H 3T0r0 MOMCHTa BpCMCHH BblHHCJIHTb OTHOCHTCJIb- 

nyio CKOpocTb cnyTHHKa (no tojibko ho aOcojiiOTnon BejinqHHe, 
a He no nanpaBJienHK)). flpH hhcjichhom iiHTerpnpoBaHHH ch- 
cTCMbi AH(})(j)epeHU,HajibHbix ypaBHemiH (17) nojibayiOTCH o6biq- 

HO HHTerpaJiOM 3 ko 6 h b KaqecTBe 3(|)(|)eKTHBHoro cpeACTBa 

AJIH KOHTpOJIH npaBHJIbHOCTH BbiqHCJieHHH. 
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§ 3. nPMMEHEHME KOMOJlBKCHblX OEPEMEHHblX 


K njlOCKO^^ OrPAHMHEHHO^^ 3AAAHE TPEX TEJl 


1. JlH(|)(|)epeHLi:HajibHbie ypaBHeHHH abh^kchkh «cnyTHHKa» 

B HHepuHajibHOH H BpaiuatoiAeHCH cHCTeMax OTc^exa mojkho 

BbiBecTH, npHBJieKan npocTeftiUHe CBeAeHHH o KOMnjieKCHbix 
nepeMeHHbix. FlycTb ABH>KeHHe naccHBHO rpaBHXHpyiomero 
cnyxHHKa (P, m) nponcxoAHx 

B XOH >Ke nJIOCKOCXH, B KO- 

xopoH ABH>Kyxc 5 i o 6 a 
npHXHEHBatoiUHX uenxpa 

(yli, mi) H m 2 ) (pHC. 7.2). 

Bbi 6 epeM b 3 xoh njiocKOcxH 
HHepuHajibHyto npHMoyrojib- 

Hyto CHCxeMy KoopAHHax 

CXY cHaqajiOMB 6 apHueHx- 

pe C xoqeK (^ 4 ], mi) h 

(i 42 ,m 2 );ocbCX pacnojio>KHM 
xaK, qxo 6 bi ona coBnajia c 

OCblO C/ 4 i B MOMeHX BpeMCHH 

/ = 0 . OjiocKOcxb CXY npH- 

MCM 3a njIOCKOCXb KOMOJieK- 

CHoro nepeMCHHoro Z. riycxb b npoHSBOJibHbiH momchx Bpe- 

MeHH t XOqKH i 4 i, A 2 , P HMCJIH COOXBeXCXBeHHO KOMn.JieKCHbie 

KOOpAHHaXbl Zi, Z 2 , Z. 

ToEAa 



Phc. 7«2. 



SaMexHM nonyxHO, qxo miPi = m 2 P 2 . + ^2 — oxxy- 

Aa cJieAyex, qxo 

7?i = |ia, 7?2 = (1 

Cnjibi, c KOxopbiMH xoqxa (P, m) npHXHEHBaexcH k xoqKaM 

(/li, mi) H (i42, m 2 ), Moryx 6bixb sanHcaHbi b KOMnjieKCHoft 

(})opMe cjieAyjoiUHM odpasoM: 

, Zi —Z , Z 2 —z 
fmim--- H fmofn ---• 
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(M'PAHH4EIIHA^I 3A;I.AHA TPI-X TP.JI 


[PJI. VII 


Oo.ibsyHCb BTopbiM saKOiioiM HbiOTOiia, iiafiAGM: 




3to h ecTb ;^H(|)(})epeHUHaJibHoe ypaBHeHiie ;^BH>KeHHH cnyxHPi- 
Ka B HHepmiajibHOH CHcieivie OTC^exa CXY. 

2. nepeH;^eM xenepb k BbiBo^y ypaBiicHHH ABH>KeHHH cnyi- 

HHKa BO epoui^atomeucH cHCTeMe OTCHeia. 

nycTb ToqKH Ai ii A2 BpaiuaioxcH BOKpyr to^kh C c yr- 

JIOBOH CKOpOCTbK) (0. SaCXaBHM FipHMOyFOJIbHyiO CHCXeMy KOOp- 

AHHax Cxy BpaiuaxbCH BOKpyr xo^kh C c xoh >Ke yrjiOBOH cko- 
pocxbK) ( 0 , npnqeM ocb Cx nanpaBHM B;i,ojib rip^iMon ^42^41. 

06o3HaqHM KOMnjiexcHbie KOOp;i,HHaxbi xoqeK Ai, ^ ot- 

HOCHxejibHO BpaiuaioiueHCH cHcxeMbi oxcqexa Cxy qepes Zj, 

2:2 H 2 ; nycxb AiCP = a, CP = R {R na — (|)yHKUHH ox t), 
51cho, qxo 

Zi = 7?i, ^2 = —^ 2 , 2 = Re^^, (4) 

HHCjia Zi, Zg H Z (KOMnjieKCHbie KOop^HHaxbi xoqeK A^, A2J P 

B uHepi^uaAbHou cHcxeMe oxcqexa CXYZ) mojkho xaKJKe sanH- 

caxb B noKaaaxejibHOH 4)OpMe: 

Zi Z2 == R2e^^^^+^^ = — ^ ( 5 ) 

Ha 4)opMyji (4) h (5) cjieAyex, qxo 

Zi = Z2 = 2 : 2 ^-"^ Z = ze^^^, ( 6 ) 

rioAcxaBJiqq sxh BbipajKeHHH b ypaBHCHHe (3), nocjie ynpoiue- 

HHH nojiyqHM hckomoo ypaBHCHHe ABH>KeHHq cnyxHHKa bo 
B pamaioineHcq CHCxeMe oxcqexa. FlpoAejiaeM cooxBexcxByio- 

lUHC BbIKJiaAKH: 

Z = {z Z == {z + 2io)Z — co^z) 1 

Zi — Z := (2i — z) Z2 — Z ^ {Z2 — z) J 

riocjie noAcxanoBKH oxhx Bbipa>KCHPiH b (3) h coKpameHHH 

Ha HaH;i,eM: 
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3 to ;^iK}3(j)epciimia.ibnoe ypaBiicimc r,niopOc^o i!op5i;i,Ka othocii- 



mia.Tbiioe ypaBneHiic ABH>KeHnH criyiHUKa bo BpaiiiaioLueMCFi 

cHCTeMe OTcqexa. 

BejiHqpina -s- oj“Z, Bxo/^^iuan b npasyio qacxb ypaBiie- 
HHH ( 8 ), — 3 X 0 peninpodeMHoe ycKopenne (oho o;^HiiaKOBO Ha- 

HpaB.aeHO C BCKXOpOM z). A BeJlHMHHa = —2/(02— 3 X 0 

ycKopenue KopuoAuca, bbhxoo co SHanoM <'MHHyc>>. Bexxop au 

oopasyexcH h 3 Bexxopa cKopocxH 2, ecjiii nocjie;^HHH yMHO- 

>KHXb Ha 2(0 («pacxHHyxb» Bexxop 2 ), a aaxcM noBepnyxb 
Ha 90 '' no nacoBOH cxpejiKC b n.aocKOcxn abiixcchiih xohkh P. 
Ecjiii bbccxh BcnoMoraxejibHyio (pyuKUHio U no (|)opMyjie 



xo jiexKO npoBCpiixb, nxo ypaBHeniie (8) sanncbiBaexcn b 6ojiee 

KOMHaKXHOM BPI^e 


2 i- 2/03 2 





yMHO>KaH (10) HOHJICHHO HB 


2 — X — ly, 

HaHA^M: 





npnpaBHHGM BeiAccxBGHHbie nacxH oOonx hbcxch hogjicahc- 
ro paBOHcxBa: 



xo ecxb 

1 ^ 
y (2 2 + 2 2 ) 




oxKyAa 

|2l- - 2U -c. 

3x0 H ecxb HHxcrpaji ^ko 6 h b komhjickchoh (f)opMe. 
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SaMCTHM, qxo b KaHOHH^ecKHX eAUHHuax ypaBHeHHH ( 8 ) — 

(11) npHHHMaK)T cjieAytoiUHH bha: 




3. HHxerpaji 3 ko6h b HHepuHajibHOH 

CHCTeMe OTcqexa. FlepeHAeM b HHxerpajie HkoSh 
(11) ox nepeMeHHoro z o6paxHO k nepeivieHHOMy Z. 


riycxb Z ~ cKopocxb cnyxHHKa oxHOCHxejibHO CHCxeMbi 


oxcqexa CXV, a V 


Z 


TaK KaK z = xo 



BocnojibsyeMCH 


npoBepneMbiM xo^, 




BepHbIM 


JIK) 6 bIX KOMtlAeKCHbLX HHCOJI a H 6 



a|2 + |P|2 -2Im (a.p). 


Tor^a nojiyqHMi 




— 2o) Im (Z*Z). 


06o3HaqHM qepes q) yroji Me>KAy ocbio CX h paAnycoM-BeKxo- 

poM CP, Mbi MO>KeM sanHcaxb Z b noKaaaxejibHoft (|)opMe: 

Z = Oxcto^a 


rioaxoMy 


Z.Z = (^ + iRk)R. 

Im (ZZ) = R\, 

zl^ = V^ + (O^R^ —2(0R^(p. 
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Hnierpaji 3ko6h (11) npeodpasyexcn xenepb k cjieAyioiueMy 


BHAy: 


y2 


2o)7?^q) 


2/mi 2fm^ 

—j— 


c 


Pi 


P 2 


yMHOH^an 3TO paBeHPTBO noqjieHHO na 


2 


m {m 


Macca 


cnyxHHKa), nojiyqHM Apyryio aanHCb HHTerpa.jia 5 Iko6h: 


2 


mV 


2 


m 


/mj fm^ 


- Pi 


P2 J 


CO 


C. 


(16) 


BbIHCHHM (|)H3HqeCKHH CMbICJI OTAe.JIbHbIX COCTaBJIHtOIUHX 3TO 


1 


ro HHTerpajia. BejiH^HHa ^rnV^ - 
cnyxHHKa. BejiH^HHa m(^-^ + 


3TO KHHexHqecKaH 3HeprH5i 

3X0 pa6oxa, Koxopyio 

Heo6xoAHMO aaxpaxHXb, qxo6bi, npeoAOJieBan npHXHJKenHe 
npHXHXHBaioiUHX ueHxpoB, yAajiHXb cnyxHHK b 6ecK0HeqH0cxb. 


Pi 


P2 


HHaqe roBOpH, 


m 


fm 

Pi 




fm2 


p2 


3X0 noxeHUHajibHan 3Hep- 


XHH cnyxHHKa. BejiH^iMHa 


E 


1 


2 


mV 


2 




pi 


P 2 


3X0 nojinan 3HeprH5i cnyxHHKa 


Bbipan^CHHe 


I 




3X0 


u 


KHHCXHHeCKHH 


MOMCHX 


1 


cnyxHHKa. Ec.jih yqecxb, qxOy/?^q) — 3xo cexxopHajibHan cko- 


pocxb dSIdt cnyxHHKa (oxHOCHxejibHO dapHuenxpa C), xo 


o 


KHHexHHecKHH MOMCHX MOJKHO npe;icxaBHXb B BH^e 


I 


2m 


dt 


B orpaHHHCHHOH aa^ane deyx xeji, KaK mu BHjxem b § 3 
r.jiaBbi II, no.jiHaH SHcprHH cnyxHHKa ocxaexcn nocxoHHHoft b 
xencHHC Bcero BpCMCHH ero abhhcchhh. To me hmccx mccxo h 


JXJ191 ero ccKxopHajibHOH cKOpocxH, a sHanHX, h ero khhc- 
xHHecKoro MOMCHxa. A b orpaKHncHHoft saAaqe mpex xcji mc- 

HHCXCH H 3HeprHH (E) cnyxHHKa, H 


ero 


KHHCXHneCKHH 


16 M. B. BajiK 
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MOMCHT (/). Ho H3 (16) HTO HeHSMCHHOH ocTaexcH 

paSHOCTb 

E — (o/ = — C = const. (17) 


_ _ r 

4. ripeodpasoBaHHe TH.jie. ripaBan qacTb 

AH(J)(|)epeHUHajibHoro ypaBHCHiiH (12) BospacTaei neorpa- 

HH^CHHO, eCJIH CnyXHHK B CBOeM ABHJKCHHH HeOrpaHHqCHHO 
npH 6 jIH>KaeTCH K OAHOMy us npHTHTHBaiOlUHX UCHTpOB. 3to 
06 cT 0 HTejIbCTB 0 , 3aTpyAHHK)LU,ee HHCJICHHOe HHTCrpHpOBaHHe 
ypaBHCHHH ;i,BH>KeHHH CnyTHHKa, MO>KHO 060 HTH, eCJIH BOC- 

nojib30BaTbCH npeo6pa30BaHHeM, npeA./io>KeHHbiM abtckhm Ma- 

f 

TCMaTHKOM H aCTpOHOMOM T. ThJIC. 

ripoKAe qcM npHMCHHXb axo npeodpaaoBaHHC, coBepiuHM 
BO epamatomeucR njiocKOCxH Cxy nepenoc naqajia KOopAHnax 
B cepcAHHy 0 oxpeaxa ^42^41, ho coxpaHHM cxapoe HanpaBJiCHHC 
oceft. TaKHM o6pa30M nojiyqHM HOByio cHcxeMy KOop^HKax 


O^T], npHHCM Ol\CXy 0'Y]\Cy. Ox nepCMCHHoro 2 : 


X 


o 


nepcHACM 


K npoMOKyxoHHOMy 


nepCMCHHOMy 


W 

it] 


no (|)opMyjie 




6 4 “ 2Zf 


FAe 


6 


1 


2p. 


(18) 


Mo>kho npOB^pHXb, Mxo AH(|)(|)epeHLi;HajibHoe ypaBHCHHC (12) h 
HHxerpaji 3 ko6h (15) npKMyx bha 



H 

= 2U' + h\ (21) 

K ypaBHCHHK) ABH>KeHHH CIiyXHHKa B BHAG (19) MbI H npHMCHHM 
npeo 6 pa 30 BaHHe THjie: 

^ == cos^^, dt = pip2dT. (22) 


SAccb w = u iv — KOMHJieKCHoe nepCMCHHOe. 
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§ 3 ] 

B neu CMbicji npeodpasoBaHHH Tnjie? Ot BpeMeHH t Mbi 
nepexoAHM k Apyroft nepeMeHHoft t, tbk 

dx = ~ dt. (23) 

P1P2 

3to SHa^HT, ^TO npH noAXOAe cnyxHHKa k OAHOMy h 3 
npHTHPHBatoiUHX ueHxpoB (xo ecxb Kor^a Pi hjih P 2 Majio) Mbi 
BMecxo Ka>KAoro Ma.Jioro npOMe>KyxKa BpeMeHH dt nojiynaeM 
BO MHoro pas 6ojibLUHH npoMe>KyxoK dx ]\Ji^ BBe^eHMOH HaMH 
BejiHHHHbi T. 3xa BejiHHHHa T saMeHHx B ypaBHeHHH cnyxHHKa 

(19) BpeMH t. Hnane roBOpH, BejiHHHHa x Bbinomnex xanyK) xce 
pojib, KaK BpeMH t B ypaBHeHHH (19); x — sxo HOBoe, bcho- 
MoraxejibHoe «BpeMH», Koxopoe, kbk bhaho hs (23), khk 6bi 
pacxHPHBaexcH, KOXAa cnyxHHK hoaxoahx k OAHOMy hs npHXH- 
XHBafomHX uenxpOB. Bbicxpoe ABH>KeHHe b6jihsh oahoxo hs 

npHXHrHBaiouj.HX uenxpoB paccMaxpHBaexcH qepes «Jiyny Bpe- 

MeHH», KaK B SaMeAJieHHOM KHHO(|)HAbMe. 

06paxHMCH xenepb k nepBOH (|)OpMyjie npeodpasoBaHHH 
Tnjie (22). HsBecxHO, hxo b6jih3h npHXHXHBaiou^ero uenxpa 
opdnxa cnyxHHKa Majio oxAHHaexcH ox KOHHHecKoro ceneHHH 
(sjijiHHca, XHnepdoAbi h x. n.). G ApyroH cxopOHbi, mojkho no- 
Kasaxb, qxo npH oxodpaxceHHH ^ = cost^; npHMbiM n.JiocKOcxH 

KOMHAeKCHoro nepeMeHHoro w, napajiAeAbHbiM ochm koopah- 
Hax, cooxBexcxByiox sjuinncbi h ranepdoAbi (6bixb MO>Kex, bh- 
po>KAaK)u;HecH) hjiockocxh nepeMeHHoro Tbkhm odpasoM, 

— XOXH 6bl A«/IH HeKOXOpbIX HS BOSMOHCHbIX xpaeKXOpHH — AyrH 

xpaeKxopHH cnyxHHKa b6jih3h npHXHXHBaioLAero uenxpa 6y- 

Ayx H306pa>KaXbCH B n.JIOCKOCXH w b bha^ jihhhh, 6jih3khx k 

npHMOjiHHeHHbiM oxpesKaM. npaBan qacxb ypaBHeHHH (12) 
paspbiBHa B xex xoHKax haockocxh nepeMeHHoro Koxopbie 
cooxBexcxByiox npHxnrHBaiomHM uenxpaM h (xo ecxb 

A*^H KOXOpbIX Pi = 0 HAH P 2 = 0). AHaAOFHHHblM HOAOCXaX- 

KOM odAaAaex, pasyMeexcH, h ypaBHenne (19). Ho moh^ho 
noKasaxb, qxo nocAe nepexoAa k nepeMeHHbiM Thao w 
{ w= a iv) ypaBHenne (19) nepexoAHX b ypaBHenne, y Koxopo- 
ro npaBan qacxb b xoqKax, cooxBexcxBytomHX npHXHXHBa- 
k)li;hm uenxpaM, y>Ke HBAHexcn nenpepbiBHOH h, doAee xoro, 
peryAHpHOH (anaAHXHqecKon) (|)yHKUHeH. 

riepeMeHHbie TnAe npHMeHHioxcH a*^^ pacqexa xpaeKxopHH 
KOCMHqecKHX annapaxoB. TaK, nanpHMep, b 1953—1955 roAax 

15 * 
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B MaieMaTHqecKOM HHCTHTyie hm. B. A. CTeKJiOBa AH 
CCCP 6bijio paccqHTaHO b nepeMeHHbix Tiijie okojio TbicnqH 

pasjiHqHbix TpaeKTopnii BOSMOH^Horo nojieTa KOCMHqecKoro 

annapaTa noA AeflcTBHeM SeiviJiH h JlyHbi [6.1]. 


§ 4. TOHKH JIHBPAUHH 


1 . B 6jiHHiaHiUHX AByx naparpa(J)ax Mbi c^ejiaeM HexoTO- 
pbie BbiBOAbi H3 ypaBHeHHH (7.3.8) orpaHHqeHHofl njioc- 

KOH KpyroBOH saAaqH Tpex Teji. JXjih npocTOTbi 6yAeM nojia- 
raTb, qTO HaMH Bbi6paHa mHOHUHecKan CHCTeMa eAHHHU, Tax qTO 

CO = 1, a = 1, 1711 + ^ U f = h rtii = [i, = 1 — p. 

npeAnojiojKHM jxjih onpeAejieHHOCTH, qTO 

nil <C ^2* 

ToPAa 

^ 1 

2 • 

ypaBHCHHe (7.3.8) ABHHceHHH cnyTHHxa OTHOCHTejibHO Bpa- 

maioiAeflcH njiocxocTH Cxy HMeex b xanoHHqecxHX cahkh- 
uax BHA 

z = — 2tz + 2 + ~(Zi — z) + ^ (Zi—z). (1) 

Pi P2 


HycTb cnyxHHX b xaxofl-xo momchx BpeMCHH t = HaxoAHXCH 
B xoqxe M BpaiAaioiueflcH njiocxocxH Cxy h HMeex HyjieByio 
oxHOCHxejibHyx) cxopocxb (xo ecxb HyjieByio cxopocxb oxhoch- 
xejibHO BpaiAaioiAeHCH CHCxeMbi xoopAHHax). OcxanexcH jih 
OH B 3X0H xoqxe BpaiAaiomeflcH hjiocxocxh? 

PaccMOxpHM CHaqajia abb xoHXpexHbix cjiyqan. 

a) Toqxa M — axo 6apHueHxp C AByx npHXHPHBaioiAHX 
uenxpOB (Ai, p) h (A2, 1 — p). B stom cjiyqae npH t = 


2 = 0 H 2 = 0 . HoaxoMy ycxopenne 2 npH t 


(|)opMyjie (1) paBHO 





4 corjiacHO 


Ho B abhhom cjiyqae 

Pi = /'l. P2 = = 1 -ft > 4 , 
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no3TOMy npH / = 4 



HxaK, HMen HyjiesyK) CKopocTb b ToqKe C, cnyxHHK 6yAeT 

HMCTb OTJiHqnoe ox nyjin, a hmchho oxpHuaxejibHoe, ycKope- 
HHe. Sna^HX, oh 6 yAex na^axb na 66jibiuyK) SBesAy ^ 2 - 

6) M — xoHKa paBHbix npHXH>KeHHH AByx npHXHXHBaiomHX 

ueHxpoB (i4i, p) H {A 2 , 1 — p), Jie>KamaH Ha oxpesKe 
B AaHHOM cjiyqae p/pi = (1 — p)/p 2 , oxKyAa 

21—2: V z — Z2 

^ = (1 -fi)—. 

p! p2 

h6o ^ = Pi, z — Z 2 ^ P2- 

# # 

n03X0My [cm. (1)] B MOMCHX t = Z ^ Z. Ho XOHKa yw, 
KaK xoHKa paBHbix npHXH>KeHHH, 6jiH>Ke K MCHbrneS SBCSAe Ai, 

a 6apHLi;eHxp C 6;iH>Ke k 6 o;ibmeH SBCSAe A^, xaK qxo M Jie- 

# • 

mm Ha Jiyqe CAi. CjicAOBaxejibHO, 0 , h no3xoMy 0 

(npH t — cnyxHHK 6yAex ABHxaxbCH no nanpaBJicHHio k 

MCHbUjeS 3Be3Ae Ai, 

2. Oycxb xenepb M — npouseoAbHan xoqxa Bpamaiomeflcn 
hjiockocxh; nycxb b momchx bpcmchh cnyxHHK P naxoAHXCH 
B xoHKe M H HMeex nyjieByio oxHOCHxejibnyio CKopocxb. 

H3-3a XHXOXeHHH K npHXHXHBaiOLAHM UCHXpaM AI VL A 2 

cnyxHHK P, BOo6u;e roBopn, ne yAepx^HXCH b xoHKe M h naq- 
Hex KaK-xo nepeMemaxbCH no BpamaiomeflcH hjiockocxh. Ha- 

npHMcp, OH MOHcex B xeqcHHe KaKoro-xo npoMCH^yxKa BpcMCHH 

npH6jiH>KaxbC5i k xoqKC AiH yAajiHXbcn ox xohkh A 2 - 

Bo3HHKaex Bonpoc: Hex jih bo BpaiHaioiueScH hjiockocxh 

xaKHX oco6bix, «npHBHJierHpoBaHHbix» xoqeK, b Koxopbix cnyx¬ 
HHK Mor 6bi HaxoAHXbCH b noKoe (oxHOCHxejibHO Bpamaiomeft- 
CH hjiockocxh) HeorpaHHqeHHO AOJiro? 

OKaabiBaexcH, xanne xohkh cyiuecxByiox. 

TaKan xoqna M BpaiuaiomencH hjiockocxh, b Koxopoft 

cnyxHHK 6yAex naxoAHXbcn HeorpaHHqeHHO AOJiro, ecjiH ero 
HaqajibHan oxHOCHxejibHan CKopocxb panna nyjiio, naabiBaexcH 
moHKou Audpat^uu, hjih moHKou omnocumeAbHoao paeuoeecuH. 

HxaK, ecjiH cnyxHHK npHACx b KaKyio-xo xoqKy M c 

IiyjieBOH OXHOCHXejIbHOH CKOpOCXbK), XO OH BCe paBHO He 



24G 


OrPAHH4EHHA5I SAAAHA TPEX TEJI 


[PJl. VII 


O 


yAepH^HTCH B 3T0H TOqKe, ero «BbITHHyT» H3 3T0H TOqKH npH- 

THPHBaiomHe ero SBesAbi. HcKjiioqeHHe cocxaBHi AHiub tot 
cjiyqaS, Kor^a ToqKa M OKaH^excH ToqKoft JiH6paLi;HH. 

3. CKOJibKO cymecTByeT ToqeK jiH 6 paij;HH? Kax ohh 

pacnoAO>KeHbi Ha hjiockocth? H KaK hx mo>kho naHTH? 

Tax KaK B TOHKe jiHdpauHH oxHOCHTejibHan cKopocxb 


cnyxHHKa AOJi>KHa ocxaBaxbCH xoH^AecxBeHHO paBHofi Hy^io 

• • • 

= 0), TO H OTHOCHxejibHoe ycKopeHHe z = 0. ypaBHeHHe 
(1) B TOHKe AH6paLi;HH z npHHHMaex bha 











HMeeM ABa cjiyqan: 

1) Im z =f= 0. ypaBHeHHe (3) npHHHMaex b 3tom cjiyqae bh 



a-z = 




FAe a H p — BeiuecTBeHHbie qncjia. Hhcjio z, A«nH Koxoporo 
Im z=f= 0, yAOBJiexBopnx sxoMy ycjiOBHio xorAa h toabko xor- 

0. fleHCTBHXeJIbHO, 


Aa, KOFAa OAHOBpeMeHHO a 


0 H 



ecjiH 6bia 0, to AeBan qacxb (4) 6biAa 6bi mhhmmm hhcaom, a 


npaBan 


BeiuecTBeHHbiM, qxo neBOSMOH^Ho; a ecAH a 


0, TO 


AOA>KHO 6biTb H P == 0. B HameM cjiyqae noAyqriM 





Ha (6) cjieAyex, qxo Pa = Pi, a h 3 (5) nojiyqHM, qxo pi 


1 , 


Tax qxo AiM 


A,M 


AiA 


2 


1 . 


Hxax, xoqKOH jiH6pauHH HBJiHexcH BepujHHa M npaBHJib- 

Horo xpeyrojibHHxa, nocxpoennoro na oxpeaxe ^1^42 xax Ha 
ocHOBaHHH. Hmoioxch, ohobhaho, ABe xaxHe xohkh (pnc. 7.3, 
xoqxH L 4 H L 5 ). Hx HaabiBaiox mpeyeoAbnuMu xoqxaMH 

jiH6paLi;HH. 
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2) Im z = 0. Mbi Tenepb Hiu,eM to^kh jiH6pauHH, jie>Ka- 

mne Ha npHMoS ^41^42- 3a;i,aHa cbo;i,htch k pasbiCKaHHio ee- 
w^cmeeHHbLX KOpHeS ypasHeHHH (2). PaccMOTpHM OTAe./ibHo 
TpH HHTepBajia npHMoS ^41^42: 

a) (Z2, Zi), 6 ) (2i, + oo), b) (- oo, 2,). 

hyjxeM CHanajia HCKaxb ToqKy .aH6pauHH ua orpesKe (^ 2 , 



Phc. 7.3. 


= LA 


BbipasHM B ypaBHeHHH (2) 


qepes 


nojiyqHM 


TO eCTb 




- (3 -ii)pl + (3 - 2ii)pl -p {pi - 2pi + 1) == 0. (7') 

TaKHM o6pa30M, sa^aqa cboahtch k pemenHio neKOxoporo 
ypaBHeHHH hhtoh cxeneHH oxHOCHTejibHO p^. Mo>kho noKa- 
saxb, qxo 3 to ypaBHCHHe HMeex moAbKO oduH eeu^ecmeeHHbiu 
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KopeHb. npH Majibix \i 3T0T KopeHb yAo6HO BbiqHCJiHTb nyxeM 

pasjiOH^eHHH ero b cxenenHOH pnA no cxeneHHM ([x/3)V3. Mo>kho 
noKasaxb, nxo 



(xAe no;; cJieAyex noHHMaxb eewjecmeeHHoe snanenHe 

g _ 

KOpHH y [l/3). 

AnajioEHqHbiM o6pa30M mo>kho noKaaaxb, qxo cymecxByex 

xojibKO o;i.Ha xoqKa jiH6paLi;HH na HHxepaaTO oo) h OAna 
L3 na HHxepBajie (— 00 , Flpn uajiux |x yAo6HO nanxH 
no;io>KeHHe axnx xoqex c noMOiUbio pa 3 jio>KeHHH BeJiHqqn 
Pi HJiH p2 B cxeneHHbie pnAW. 

L2 



fljIH L 3 

^ , 7 .. 23.72 3 

P 2 1 J2 ^ 12^ ^ • • • (10) 

OxciOAa BHAHO, qxo npn mbjiom p, xo ecxb npq mi<^ m 2 , 
xoqKa jiH 6 paLi;HH Li pacno;io>KeHa 6jivLyKe k MeHbiuen 3Be3Ae, 

r 2 / p 

qeM L 2 , npHMepno na y (-yj KanoHHqecKHX eAHHHij; u qxo pac- 

cxoHHHe xoqKH Lg ox 6 o;ibiueH 3Be3Abi Menbiue paccxoHHnn 
uemjxy npnxHXHBaiomHMH uenxpaMH n A3 npHMepHO na 

-^p, xaK qxo npn uajiux p Lg n Ai npHMepno CHMMexpHqHbi 

oxHOCHxejibHO ^ 2 . ToqKH Li, L 2 , Lg Ha3biBaK)x npHMOAuneuHbi- 

MUy VLJIVL KOAAUneapHblMUy XOqKaMH JIH6paLi;HH. 

Ha pHC. 7.4 H 3 o 6 pa>KeHbi Bce nnxb xoqeK jiH 6 paLi;HH. He- 

KOJiJiHneapnbie xoqKH jiH6paij;HH h Lg Jiex^ax na OKpy>KHOcxH 

c ueHxpoM B 3 Be 3 Ae Ag, npoxoAnmefl qepea Apyryio 3Be3Ay Ap 

Hepea L 4 mh o6o3HaqaeM xy h3 3xhx AByx xoqeK jiH 6 paLi;HH, 

Koxopan naxoAHXCH na 60° Bnepe^H *) SBesAbi Ai, qepea Lg —■ 


*) Ho XOAy ABH>KeHHH TOMKH 4^ BOKpyr 42- 
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Ty, KOTopaH HaxoAHTCH Ha 60° nosa^H 3 toh SBesAbi. Tpn 
TOHKH L5, A I, L4 npeACxaBJiHiOT C060H nocjieAOBaxejibHbie 

BepuiHHbi npaBHJibHoro luecxHyrojibHHKa, BnHcaHHoro b 

oKpyHCHOCXb c ueHxpoM A2 H pa^HycoM A2A1, 

BepneMCH k ypaBHCHHio (7'). Ero moh^ho sanHcaxb h xan: 



oxKyAa 


Pi 



a (1 


Pi) 


2 


[(3 


2 \i) 


Pi (3 



Pi^] 



V: 


( 11 ) 


BeiuecxBeHHbiH Kopenb p^axoro ypaBHCHHH hhoxab [7.4] 


xoAHX MexoAOM HenoABHJKHofl xohkh (cm. § 3 xjiaBbi III). 

EcJIH pa^H KpaXKOCXH 

o6o3HaHHXb npaByio nacxb 

(bop Myra (11) qepescp (pi), 


xo 


nocjiCAOBaxejibHbie 


npH6;iH>KeHHH 
KOMOMy KOpHK) 


p 


(n) 


K HC- 
MOJKHO 


p(/2+l) 


(bopMyjie 




n 


0 12 

^ y ) 


HyjieBoe npH6jiH>KeHHe 
p<^®) MOX<HO npHHHXb, Ha- 

npHMcp, paBHbiM 0. Ana- 

JIOXHHHO MOH^HO HOCXy- 
HHXb H npHMeHHXeJIbHO K 

jiH6paLi;HH L2 H L 



Phc. 7.4. 


n p H M e p. OnpeACJiHM nojio>KeHHe xoneK JiH6pauHH 


CHCXCMbl SCMJIH 


Jlyna 


npHHHMan, hxo Jlyna abh^ccxch 


BOKpyr ScMJiH no oKpyxiHOcxH pa^nyca a 


B KaHOHnnecKHX CAHHHUax nsMepennH 


1, u 


384 400 KM . 
- 1 : 82.35. 


Ho 4)opMy;iaM (8), (9), (10) 


L 


Pi 


H: 

3 




1 

3 


1^ 


7; 


3 


0,15 


KanOHHHeCKHX 




xo 


ecxb 


Pi 


58 000 km; ^2- Pi 


3 


/a 


1 

3 




7 


3 


0,17 Ka- 


HOHHHeCKHX eAHHHU, 


xo 


ecxb Pi 


65 000 km; 7-3 
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nojiyqHM po 


12 




0,99 KaHOHHqecKHx ejiunm, to ecTb 


P 2 


380 600 KM. 


4. PeuieHHeM ypaBHeHHH (1) 


z 


z{t) 


X (t) 


iy (0 . 


qB.;lHeTCH (pyHKUHH BH;i,a 
— oc t oc, 


KOTopaH, 6 y;i,yqH rioAciaBJieHHOH b ( 1 ), oOpaiuaex 3 to ypaB- 
HeHHe B TOxcAecTBO. FeoMeTpHqecKHH CMbicji peuieHHq— 3 to 

B 03 MO>KHaH TpaeKTOpHH COyTHHKa. HaHAOHHbie nHTb TOqeK 
JIH 6 paLi;HH — 3 T 0 DHTb qaCTHbIX peiUeHHH ypaBHOHHH ( 1 ) (TOq- 
Ky, B KOTopoH Bce BpeMH HaxoAHTCH cnyxHHK, TaKTKe cjiejxyeT 

paccMaxpHBaxb kbk xpaeKxopHio cnyxHHKa). 

noApo 6 HbiH aHajiH 3 noKa 3 biBaex, qxo xpeyrojibHbie xoqKH 

jiHOpauHH L4 H L5 npH Aocxaxoqno Majibix p (p 0 , 038 ...) 

HBJiHioxcH ycmouHuebiMU pemeHHHMH ypaBHeHHH ( 1 ). 3 xo 3 Ha- 
qHT, qxo ecjiH cnyxHHK b naqajibHbiH momcht t = (q pacnojio- 
men He b cbmoh xoqKe L4 (hjih L5), a Ha neKOxopoM Aocxaxoq- 
HO MaJiOM paccTOHHHH OX Hee H HMeex AocxaxoqHO Majiyio oxho- 
CHxejibHyK) CKopocxb, xo c xeqeHHeM BpeMeHH cnyxHHK ocxa- 

HeXCH BHyxpH MaJIOH OKpeCTHOCXH xoqKH L4 (hjih L5). 

Hao 6 opox, xoqKH L2, L3 hbjihioxch HeycxoftqHBbiMH 
pemeHHHMH. 3 xo 3 HaqHT, qxo npn jiio 6 om ckojib yro^HO MaJiOM 
CMeiueHHH cnyxHHKa ox xaKCH xoqKH JiH 6 paLi;HH cnyxHHK mo- 

H^ex yAajiHXbCH Ha BHaqnxejibHoe paccxoHHHe ox 3 xoh xohkh. 

YcxoHqHBOcxb xoqeK jiH 6 paij;HH L4 h L5 naxoAHi HHxepec- 
Hoe BOHJioiueHHe b cojiHeqnoH cHCxeMe. Flycxb L4 h L5 — xoq¬ 
KH JiH 6 paLi;HH ^*^51 CHCxeMbi AByx xeji CojiHue — lOnniep. 
B CHJiy paHee CKaaaHHoro BCHKoe Majioe He 6 ecHoe xejio, OKa- 

aaBHieecH b KaKoft-xo momcht BpeMeHH AOCxaxoqHO 6 jih 3 ko ox 

OAHOH H 3 3 XHX xoqeK H HMeioiiiee Aocxaxoqno Majiyio oxhoch- 
xejibHyio CKopocxb, aoji>kho ocxaxbCH b 6 jih 3 h 3 xoh xoqKH 
jiH6paLi;HH HeorpaHHqeHHO AOJiro. 

Hmohho xaK, HO-BHAHMOMy, o 6 cxoht a^jio c acxepoHAaMH 

xaK Ha 3 biBaeMOH TpoHHCKOH rpynnbi, Koxopbie KOHueHxpn- 
pyioxcH b 6 jih 3 h xpeyrojibHbix xoqeK jiH 6 paLi;HH CHCxeMbi Cojih- 
ue — lOnHxep. 

EcxecxBeHHO nojiaraxb, qxo h b 6 jih 3 H xpeyrojibHbix xoqeK 
jiH 6 paLi;HH CHCxeMbi SeMjiH — Jlyna xaK>Ke CKanjiHBaioxcH Ka- 
KHe-xo KOCMiiqecKHe xejia. JlK) 6 onbixHO, qxo 3x0 npeOTOJio>Ke- 
HHe no;i,xBep;^HJiocb: b Mapxe—anpejie 1961 ro^a acxpoHOM Kpa- 
KOBCKOH oOcepBaxopHH K. KopAHJieBCKiiH nocjie AecnxHJiexHHX 
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nOHCKOB o6Hapy>KHJi ABa KocMHqecKHX «o6;iaKa», no-BHAHMOMy, 

COCTOHIUHX H 3 MexeopHOH OblJIH, B paflOHe TOqKH JIH6pa- 

UHH L4, a qepes neKOxopoe BpeMH noAo6Hbie «o6jiaKa» 6biJiH 
HM HaHAeHbi B paSoHe xoqKH JiH6paij;HH L5 [ 7 . 5 ]. Bo3mo>k- 

HO, qxo 3 XH xoqKH JiH6pauHH 6yAyx b AaJibHeSmeM Hcnojib- 
soBaHbi j\jiH noMeiueHHH b hhx «KocMHqecKoro 6yH» — kocmh- 
qecKOH o6cepBaxopHH. Aocxohhcxbom xaKoS o6cepBaxopHH 
6yAex HeH 3 MeHHOcxb paccxoHHHH ao SeMJiH h Jlynu h BCJieACx- 

BHe 3 X 0 X 0 — npocxoxa nepecqexa pe 3 yjibxaxoB Ha6jiK)AeHHH, 

nojiyqeHHbix b xaKoS o6cepBaxopHH k BHAy, yAo6HOMy a*^^ 

Ha6jiK)AaxejiH c SeMjiH. flpaBAa, BOBMymaioiAee aghcxbhc 

CojiHua MO>Kex OKaaaxb 3 HaqHxejibHoe bjih^hho Ha nojioxceHHe 
xaKoro «6yH». 

§ 5. JIHHHH XHJIJIA 

HHxerpaji 5 Iko 6 h noBBOjinex BbiAejiHXb xaKyio qacxb hjiocko- 

cxH, KyAa HenpHXHXHBaioiAHH cnyxHHK CHCxeMbi AByx 3 Be 3 A b 

xeqeHHe Bcero CBoero ABHXceHHH aaBOAOMO HHKOXAa nonacxb 
He CMOHcex. Ha 3x0 BnepBbie o 6 paxHJi BHHMaHHe aMepHKan- 

CKHH aCXpOHOM flxi. B. XhJIJI B CBOHX HCCJieAOBaHHHX ABHH^e- 

HHH JlyHbi (1877 foa). 

B KaHOHHqecKHX eAHHHuax H3MepeHHH HHxerpaji 5 Iko 6 h 
( 7 . 2 . 22 ) aanncbiBaexcH b bhao 

v^ = 2U-c, ( 1 ) 

FAe 

U = -Ux^+y^)+^+^-^. ( 2 ) 

Z pi p2 


JXonycxHM, qxo b MOMenx BpeMeHH 4 ciiyxHHK naxoAHJiCH 

Ha paCCXOHHHHX Pio H P 20 ox 3Be3A i4i H ^2 B HMeJI OXHOCHXeJIb- 

HyK) CKopocxb Vq. riycxb Po — paccxoHHHe cnyxHHKa ox 6apH- 
ueHxpa C. nocxoHHHaq c HHxerpajia 5 Iko6h BbipaxcaexcH qepea 
HaqaJibHbie ABHHbie pio, P2o» Po npn homolah (j)opMy;i 



( 4 ) 



252 


OrPAHHHEHHA^I SA^AHA TPEX TEJl 


[rJI. VII 


B CHJiy HHTerpajia 5 Iko6h b jik)6oh momcht BpeMeHH Koop- 

HHHaTbl H CKOpOCTb COyTHHKa P yAOBJICTBOpHIOT yCJIOBHK) 

= 2U — c, (5) 

PAe 

2U == + 2 (-IE Lzii]. ( 6 ) 

^ Pi ' 

O^eBHAHO, B jik)6oh ToqKe, Ky^a cnyTHHK MO>KeT nonacTb, 

HMeex MecTO HepaBencTBO > 0, to ecxb 2U — 0. k o6- 

jiacxb, B KOxopoH 2U — c 0,— axo o6jiacxb, r^e ABH>KeHHe 

SaBCAOMO HeB03M0»CH0. 

JIhhhh 

2U-c=0 (7) 


oxAejinex MHOH^ecxBO xex xoqeK BpamaioiueHCH njiocKOcxH, rjxe 
ABH>KeHHe cnyxHHKa, BOo6iue roBopn, bo3mo>kho, ox mhoxco- 
cxBa xo^eK, tao ABH>KeHHe cnyxHHKa HaBepHHKa HeB03M0»cH0. 
TaKan jihhhh HaabiBaexcH AUHueu Xuaau, hjih AUHueu uyAe- 
eou ommcumeAbHOu cKopocmu {kslk bhaho h3 (3), b KaH^Aoft 
xo^Ke xaKOH jihhhh aojih^ho 6bixb v 0). ypaBHeHHe jihhhh 
XHJiJia (7) MO>KHO nepenHcaxb h xaK: 



MeHHH c, Mbi nojiyqHM ceMeScxBO jihhhh XHJiJia. 

Cna^ajia npeACxaBHM ce6e jihhhk) XHjiJia npH 6o;ibiuoM c. 
ypaBHeHHe (8) moh^ho nepenHcaxb b bha^ 

= c + 8, (9) 

XAe 8 6yAex Majio, ecjiH Pi h p 2 BejiHKH. Ecjih 6bi e 6biJio paBHO 

0, TO ypaBHeHHe (9) npeAcxaBJiHJio 6bi co6oh ypaBnenne 
OKpyH^HOCXH c ueHxpOM C paAHyca Ecjih me s 0, ho 

Majio no cpaBHeHHK) c c, xo jihhhh (9) 6jiH3Ka k OKpy>KHOcxH: 

y^ = c. (10) 

TaKHM o6pa30M, npn 6ojibmoM c h 6ojibmHX p^ h p 2 ypaBHennio 
(8) yAOBJiexBopniox KOopAHHaxbi xoneK, Jien^aiUHX na kphboh, 

6jIH 3KOH K OKpyHCHOCTH (10). OpH MajIbIX Pi H P 2 (xo ecxb npH 
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Majibix X H y) ypaBHCHHe (8) nepenHiueM b bhag 




OxBJieqeMCH BpeMenno ox paBeHCXBa (12). 



Phc. 7.5. 


( 11 ) 

( 12 ) 


PaBeHCXBO (11) npH a = 0 npe^cxaBJinex co6oh ypaBHCHHe 

XOpOlUO HSyqeHHOH JIHHHH 



KoxopyK) HasbiBaiox oeuAOM . npH AOCxaxoHHO dojibUiHX c = c 
3xa JIHHHH pacnaAaexcH na ABa saMKHyxbix KOHxypa, ohh- 
caHHbix BOKpyr Kax^AOH h 3 xonex A 2 h Ai (pHC. 7.5); npn Menb- 
iHHX c = Cl axa jihhhh HMeex (JiopMy XHMHacxHqecKOH 
ranxejiH, npnqeM 6ojiee «MaccHBHaH» qacxb «raHxejiH» ohh- 

cana okojio 6 ojibiueH SBesAbi A^ (cm. pHC. 7.7). Ecjih os 0, 

HO AocxaxoHHO Majio (no cpaBHCHHio c 0 ), to jihhhh (11) OyAcx 
Majio oxjiHHaxbCH ox OBajia. 
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TaKHM o6pa30M, npH 6ojibiuoM c jihhhh XwJiJia pa36H- 
Baex BCK) njiocKOCTb na qeibipe o6jiacTH (cm. pnc. 7.5). Bo 
Bcex TOHKax Ka>KAoft hb'^sthx odjiacieft BCJiH^HHa 2U —c 

4 

coxpaHHei 3 HaK. MTo 6 bi onpeACJiHib stot 3 HaK, nanpHMep, b 

Dg, AOcxaToqHO paccMOx- 



pexb odny KaKyio-JiHdo 

XOqKy H 3 Dg. EcJIH B 03 b- 

MCM B o 6 jiacxH Dg xoqKy 

P (x, y), HacxojibKO Aa- 

vacKyio ox C, qxo 6 bi 6 biJio 

^ 2c 

H 



xo nojiyqHM, qxo 2U — 
— 0 . SnaqHx, h bo bcch 

o 6 jiacxH Dg 2U — c>0. 
AnajiorHqHbiMH pac- 

Cy^A^HHHMH MO>KHO 00 - 


Phc. 7.6. 


Kaaaxb, oxo b odjiacxnx 
n Di2U — c>> 0, a B 


o 6 jiacxH D^ 2 U — c <\ 0 . 

TaKHM o6pa30M, npn 6 ojibiiiOM c cnyxHHK b cbocm ABH>KeHHH He 

MOHcex nonacxb b o 6 jiacxbD 4 (Ha pnc. 7.5 ona aamxpHXOBaHa); 


eCJIH ABH>KeHHe B 03 M 0 >KH 0 , xo JIHlHb B odjiaCXHX Di, D2, Dg. 

npH yMeHbiueHHH c npOHCXOAHX OKaxHe Hapy>KHOH boxbh 
KpHBOft (7) H paciHHpeHHe ee BHyxpeHHHX BexBeft. Kapxnna 
Ae(J)OpMauHH KpHBOH (7) HpH H3MeHeHHH c HOKaaaHa Ha pnc. 

7.5-7.11*). SAecb 


Cl ^ ^2 ^ Cg ^ ^ C5 ^ Ce ^ C7. 

npH HeKOxopbix qacxHbix BHaoeHMOx KOHcxanxbi c MOHcex 

npOHBOftXH CaMOHpHKOCHOBeHHe KpHBOH (7), XO eCXb npHKOCHO- 

BeHHe paajiHHHbix ee BexBeft. TooKa caMonpHKOCHOBeHHH 6 y- 
Aex OC 060 H A*^^ KpHBOH XHJiJia. B xaKoft xooKe oacxHbie ripo- 


*) 3 th pHCyHKH HOCHT OpHeHTHpOBOHHblH XapaKXep H AO.n>KHbI ASTb 

jiHuib KaHecTBCHHoe npeACTaBJieuHe 06 HSMeneHHH odJiacxeH, b KOTopbix 
ABH^KCHHe HeB 03 M 0 }KH 0 . 


.HHIIHIl XHJI.riA 
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§ 5] 


H 3 B 0 AHbie (f)yiIKUHH 2U — AOJI>KHbI 6 bITb paBHbl Hy.lK), TO eCTb 


dx 


0 , 


dy 


0 


(14) 


riyCTb B TaKOH TOUKe 


o 


HyjieBOH 


TeJlbHOH CKOpOCTbK): 2—0. Hs ypaBHeHHH ABH>KeHHH COyTHH" 

Ka (cm. (7.3.14)) 


2 


2 iz + 


w 

dx 


dU 

dy 


I 


(15) 


yCT 


o 


• # 

ToqKe 2 = 0. Ho B npeAbiAyiACM nap 


rpa(J)e mbi BbiHCHH.nn, qjo to^kh, b Koxopbix npn 


yCJlOBHH 


KaMH JinOpauHH. Cjie 

BaTCJibHO, KaxcAan oco6aH 

TOnKa KpHBOft (7) HBJIHCT- 


0 HMeCT MeCTO paBCHCTBO 2=0 


Toq- 


CjieAyq 


jinOp 


paccy>K 


HHHM COBCTCKOrO MCXa- 

HHKa B. A. EropOBa, npo- 

cjieAHM sa SBOJiiouneft bc- 
JinqHHbi c H caMoft Kpn- 

BOH XnJiJia (7) npn na- 


pacTaHHH naqajibHOH cko- 

pOCTH Vq cnyTHHKa P, 

ecjiH nocjieAHHH naxo- 

Ahtch b AOCTaToqno Ma- 


O 


JlOH OKpeCTHOCTH TOqKH 


A 


2 


* 




C 


riycTb 


Phc. 7.7. 


qajibHbift MOMCHT 4 cnyT- 

HHK naxoAHTCH B Toqxe 

Pq Ha paccTOHHHHX p 2 o H pio OT SBCSA H Aj b6jih3h 3Be 

^2 H nojiyqnji naqajibnyio OTHOCHTejibnyio cKopocib 
KoHCTaniy c mo>kho naftTH h 3 3aBHCHMOCTH 


c 


2U 


0 


2 


( 16 ) 


*) B. A. EropoB 

SeMjiH. 


paccMarpHBaji cjiyqaH, Kor;;a Ai — Jlyna, A 


2 
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Ecjih = 0 HJiH Vq Majio, TO cnyTHHK P ocTanexcH BHyTpH 
HeKOTOporo OBajia, onHcaHHoro okojio npHTHTHBaioiAero 

ueHTpa A 2 - Ha (16) bhaho, qxo npH pocxe HaqajibHoft cKOpo- 
cxH Vq KOHCxaHxa c 6yAex y6biBaxb; npn sxom OBaJi okojio xoq- 
KH ^42 H cxoAHbift OBaji OKOJIO xoqKH AI 6yAyx «pa36yxaxb». 



Phc. 7.8. Phc. 7.9. 


npH HOKOXOpOM SHaqeHHH HaqaJIbHOH CKOpOCXH Vq = 

OBajibi, onHcaHHbie okojio npHXHPHBaiomHX uenxpoB Ai u A 2 , 
coMKHyxcH B xo^Ko jiH6pauHH (pHC. 7.6). SnaH nojiOHceHHe 
3T0H xoqKH (xo ecxb ee KOOpAHHaxbi mohcho HaHXH 

KOHCxanxy h 3 ypaBnennH 

2 [/(jc(i), y(i)) = 0 

Icp. c (|)0pMyji0H (7); na pHC. 7.6 o6o3HaqeHO qepea ^ 2 ]. 

npH yAaqnoM Bbi6ope nanpaBJieHHH HaqajibHOH CKOpocxH 
B npHHAHne bobmohcho AOcxHHceHHe cnyxHHKOM xo^kh 

jindpauHH Li, a npH AaJibHeftmeM MajiOM yBejiHqeHHH naqajib- 

HOH CKOpocxH Vq B03M0HceH nepejiex cnyxHHKa h 3 OBajia D 2 b 

OBaji Di. 
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OpH A^JibHeHuieM BOspaciaHHH HaqajibHoft CKopocTH 
BejiHHHHa c 6 yAeT y 6 biBaTb [cm. (f)opMyjiy ( 16 )]. Flpn onpcAC- 

jiCHHbix BHaqeHHHX c, paBHbix onpcAejieHHbiM qncjiaM hjih 


HJIH 



^( 3 ) 



ypaBHCHHe ( 7 ) dy^ei npcA- 


CTaBJIHTb C 06 oH ypaBHCHHC KpHBOH, HMCIOmeH OC06OH TOHROH 
COOTBCTCTByiOmyK) TOHKy JIHdpaUHH L2, ^3, L4 HJIH L5 (Ha pHC. 


7.8 H 7.9 


c 


4 > 


c 


( 3 ) 


^5)* 


SnaqeHHH sthx hhccji mo>kho HafiiH, noAcia- 

BHB B ypaBHCHHC ( 7 ) BMCCTO (X, tj) KOOpAHHaibl COOTBCTCTByK)- 

mnx TOHCK jiHdpauHH L 2 , L 3 , L 4 . HHTerpaji Hko 6 h (16) tofab 


O 


nOSBOJlHT HaHTH TC MHHHMBJlbHbie OTHOCHTeJIbHbie CKOpOCTH 










CraHOBHTCH 

*). 


B saAaHHOH TOHKe Pq, npH KOTopbix B npHHUHne 

B03M0>KHbIM AOCTH>KeHHe 3 THX TOHCK JlH6pa- 


UHH 


rippi CKOpOCTHX, HCMHOrO 60 JIbUJHX HCM 






cnyTHHK 


MO^KCT Hanaib yAajiHTbcn b 6ecKOHeqHOCTb, ho npn stom oh 
AOJ i>KeH o6H3aTejibHO npoHTH b6jih3h tohkh L2 (PJ^c. 7.8) 

npH ABJibHeftmeM napacTaHHH CKopocTH 6yAeT pacuiH- 
pHTbCH «ropjiOBHHa» y TOHKH Ecjih cnyTHHK npn TaKoif 

HanaJlbHOH CKOpOCTH CMOHCCT yAaJIHTbCH Ha deCKOHCHHO 6 oJlb- 

moe paccTOHHHC ot SBesjx Ai h /I2 , to oh odnaaTCJibHO npoHAeT 
qepea STy ropjiOBHHy. 

Tax 6 yAeT o 6 cTOHTb a^jio ao tcx nop, noKa HanajibHan 


( 3 ) 


CKOpOCTb Vq MCHbUie, HCM Vq 

Ecjih HanajibHan CKopocTb Vq 


^0 




TO MO>KHO C006li;HTb 


cnyTHHKy STy CKopocTb b tbkom HanpaBJiCHHH, qTo6bi oh ao- 

CTHT TOHKH L 3 C HyJlCBOH OTHOCHTCJlbHOH CKOpOCTbK) (pHC. 7.9). 


OpH CKOpOCTH, HCMHOrO doJlbLUCH HCM CnyTHHK MO>KeT 

HeorpaHHHCHHO yAajiHTbCH ot bbcba h A^, npoxoAH nepea 

ropjiOBHHy b6jih3h TOHKH JlH6paUHH L3. 

OpH AaJibHeHLueM HapacTaHHH HanaJibHofi cKopocTH 6yAeT 

pacLunpHTbCH ropjiOBHHa y tohkh L 3 (kbk, BnponcM, h y tohkh 
L2), a o 6 jiacTH, ne AocTynHbie cnyTHHKy hh npn kbkom nanpaBJie- 
HHH HanajibHOH CKopocTH, 6 yAyT OKHMaTbcn k TpeyrojibHbiM 

TOHKBM JlH 6 paUHH L 4 H L 5 . OpH Vq 



Vq"^ cnyTHHK P MO>KeT HC- 


orpaHHHeHHO yAaJiHTbcn ot 3Be3A 71 ^ h ^42, ABHrancb b hjiocko- 

CTH no jiK)6oMy HanpaBJiCHHio (pnc. 7.11). 


* 


) CKopocTH k I, 2, 3, 4, HHor;;a Hasbrnajor KpumunecKUMu 


17 M. D. B 


ajiK 
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npHBeAeM B KaqecTBe npHMepa snaqeHHH KpHTH^ecKHX 
CKOpocTeft j\jiH cjiyqan, KOPAa npHTHPHBaioiAHMH ueHxpaMH 

cjiy>KaT SeMJiH h Jlyna (xadji. 2), npnqeM MaJioe xejio (kocmh- 
qecKan paKeia) naxoAHicH b HaqajibHbift MOMeHX b xoqxe Pq 
Ha Bbicoxe 200 km najx noBepxHOcxbio SeMjiH, xo ecxb na c(J)epe 
paAHyca 6570 km, onncaHHOH okojio ixenxpa SeMJiH *). 



Phc. 7.10. Phc. 7.11, 

KaK noKasbiBaex 6ojiee xmaxejibHbiH anajiHS, nojiOHceHHe 
paKexbi Ha sxoh c(|)epe npaKxnqecKH ne bjimhox na SHaqeHHe 

COOXBeXCXByiOIHeH XpHXHqeCKOH CKOpOCXH. 

Ta6jiHua 2 

KpHTHqecKaH oxHOCHTejibHaH 
CKOpOCTb, Heo6xOAHMaH A-HH 

AOCTHJKeHHH TOHKH 

JIH 6 paU.HH, MiceK 


10 848,90 
10 849,68 
10 857,38 
10 858,54 


*) HanHbie saHMCTBOBaHbi h3 [6.1]. 


Li 

L2 

Ls 

L4 (hjih L5) 
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§ r>l 

§ 6. AOnOJlHEHM^ H OBOBmEHH^l 

1. ripocTpaHCTBeHHaH orpaniiqeHHaH 
3 a jx a Tpex teji. B npeAbiAyu;HX Tpex naparpa(J)ax 

Mbi paAH npocTOTbi orpaHHqHJiHCb cjiyqaeM, Kor^a ABHHceHHe 

o6ohx npHTHrHBaK)ii;HX ueHTpoB h hx cnyiHHKa npoHCXOAHx b 

OAHOH H TOH me nJIOCKOCTH. 

HenocpeACTBeHHbiM o6o6iu,eHHeM stoh aa^a^H HBJiHeiCH 
«orpaHHqeHHaH npocTpancTBeHnaH KpyroBan aa^a^a xpex 
xeji», 0 Koxopoft MbI rOBOpHJlH B § 2. 

riojibayHCb HHxerpajiOM Hko6h (7.2.22), mo>kho bo Bpau^aio- 
meMCH npocxpancxBe bbecxh b paccMOxpeHHe noeepxHOcmu ny- 
jieBoft oxHOCHxejibHOH CKopocxH (noBepxHOcxH XHJiJia), oxAe- 
jiHioiAHe o6jiacxH, b Koxopbix BoaMO>KHO ABH>KeHHe cnyxHHKa, 
ox o6jiacxeft, b KOxopbix ABH>KeHHe naBepHHKa HeBoaMO>KHO. 
Eii;e 6ojiee o6ii;hh cjiyqaft orpaHHqenHoft aaAaqH xpex xeji 

Mbi nojiyqHM, ecjiH AonycxHM, qxo {Ai, h (712, ^ 2 ) ABH>Kyx- 
CH oxHOCHxejibHO HX 6apHixeHxpa C He no 0Kpy>KH0cxHM, a 

no KaKHM-XO HHbIM KOHHqeCKHM ceneHHHM. 

2. TeopeMbi 0 neodpaxHMOcxn n chm- 
Mexpnn b npocxpancxBennoH orpann- 
nennoft KpyroBoft aaAane xpex xeji. Ecjin 
B KaKoft-xo o6jiacxH npocxpancxBa ABn^cenne cnyxnnKa AByx 
npHXHXHBaiomHX uenxpOB {A-^, n {A^, m^) (mj <C ^ 2 ) Boa- 

MOJKHO, xo, paayMeexcH, on MO^Kex ABHxaxbCH ne no jiiodoft 
KpnBOH na sxoh o6jiacxn n ne b jik)6om nanpaBJienHn. Ha cjie- 
AyioiAne jiiodonbixHbie sjieMenxapnbie (|)aKXbi o6paxHJi BHHMa- 

nne aMepnKancKnH ynenbift A. Mnejie (Miele). 

a) Teopema 0 neodpamuMOcmu: ecjin bo BpaiAaioiAencn cn- 
cxeMe oxcnexa xyz BoaMO>KHO npnMoe ABH>KeHne cnyxnnKa no 
xpaeKxopHH, aaAannoft ypaBnenneM r {t) ^ x {t)l -f y {t)j + 
+ z {t)k, xo o6paxHoe ABH>KeHne baojib axon xpaeKxopnn (J)h- 
annecKH neBoaMOHcno. 


6) Teopema 0 cuMmempuu: ecjiH (J)HaHqecKn BoaMO>KHa xpa- 

eKXOpHH 


xo (|)HaHqecKH 

r {f) - X (t)i + y {t)J + 2 {t)k, 

BoaMO>KHbi eu;e xanne xpn xpaeKxopHn: 

(A) 

r 

ri (i) = 

= x {t)i + y {t)j — 2 (f)k, 

(B) 

r — 

^2 (t) = 

• 

II 

(C) 

r — 

rs (0 = 

II 

# 

(D) 

17* 
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TpaeKTopHH (B), (C), (D) CHMMeTpuqHbi TpaeKTopHH (A), coot- 

BeTCTBeHHO, OTHOCHXeJIbHO nJlOCKOCTH ABHHCeHHH 3Be3AAiH A 2 , 
OTHOCHTejIbHO nJlOCKOCTH CXZ H OTHOCHTeJlbHO npHMOft AaAj. 

3. OpodjieMa 3axBaTa. Bojibmoft HHxepec jijih 
KOCMOHaBTHKH npe^CTaBJiHeT cjieAyK)ii;aH npo6jieMa 3axBaTa 

B orpaHHqeHHoft KpyroBoft 3aAaqe xpex xeji: MO>Kex jih «He- 

npHXHXHBaioiAaH)) MaxepHaJibHan xoqKa (nanpHMep, kocmh- 

qecKan panexa), npHuieALuan «h3 6ecKOHeqHOcxH» b neKOxo- 
pyio orpaHHqeHHyK) o6jiacxbD npocxpancxBa, r^e OHa noABep- 
raexcH npHxn^eHHio AByx «3Be3A», ocxaxbcn naBcerAa b sxoh 
o6jiacxH? 

C nepBoro BarjiH^a MO>Kex noKaaaxbcn oqeBHAHbiM, qxo 
BcexAa B03M0^eH xaKoft «yAaqHbift» Bbi6op nanpaBJieHHH h bo- 
jinqHHbi CKopocxH «HenpHXHrHBaK)meft» xoqKH, qxo6bi ona, Ha- 
npHMep, HaBcexAa ocxajiacb BHyxpH c(|)epbi npHXH^eHHH oahoh 

H3 AByx 3Be3A. Tax, xa^excn B03M0>KHbiM nanpaBHXb kocmh- 

qecKyio paxexy c SeMjiH k Mapcy c xeM, qxo6bi ona Bomjia b 
c(J)epy npHXH>KeHHH Mapca (oxHOCHxejibHO Cojinixa) c Majioft 
CKopocxbK) H 3axeM ocxajiacb BHyxpH axoft c(J)epbi. 

OAHaKO xmaxejibHbift anajina npHBOAHX k coBepmenno 
HHbiM BbiBOAaM. Eme B 1930 roAy uiBeHuapCKHH MaxeMaxHK 
3. Xon(J) noKaaaji, qxo npHUieAmaH h3 decKOHeqnocxH nenpH- 
XHXHBaiou^aH xoqxa, npHXHrHBaeiviaH AByMH 3Be3AaMH, aojihchb, 

BOo6u;e roBOpn, CHOBa yAaAHXbcn b decKOHeqnocxb. Hhbimh 
cjiOBaMH, aaxBax b orpaHHqeHHoft aaAaqe xpex xeji qpeaBbi- 
qaHHO MajiOBepOHxen *). 

BecbMa HHxepecHbift anams 6biji npoH3BeAeH coboxckhm 
MexaHHKOM B. A. EropoBbiM [6.1], [7.1]. PaccMaxpHBan cjiy- 
qafi, KOPAa o6jiacxb D ecxb c(|)epa npHXHHceHHH hjih c(J)epa 

AeftcxBHH MeHbuieft 3Be3Abi oxHOCHxejibHO 6ojibUJeft 3Be3Abi, 

OH npHUjeji K cjieAyK)u;eMy BbiBOAy: ecjiH b KpyroBOH orpann- 
qeHHOH 3aAaqe xpex xeji oxHomeHHe npHXHXHBaioEAHX Macc 
mjm^ AOcxaxoHHO MaJio, xo HenpHXHXHBaiou^aH xoqxa, npn- 
meAHiaH h 3 decKOHeqnocxH b C(|)epy npHXHHceHHH Menbuieft 

3Be3Abi, o6H3axejibHO bbihaox h3 3X0H c(J)epbi. BbiBOA ocxaexcH 
B cHJie, ecjiH BMecxo c(J)epbi npHXHxceHHH 6paxb c(J)epy a^hcx- 

BHH MeHbUJeH 3Be3AbI. 

— - - ■ ■ , . . 

*) ToHHee, MHo>KecTBo Ha^aJibHbix a^hhbix, npn KOTopbix B03M0>KeH 
saxBaT, HMeex HyjieByio Mepy b CMbicjie Jle6era. O^HaKo peayjibrar Xon(j)a 
He HCKJiioqaeT bosmo^khocth saxeara npH HeKoTOpbix «HCKJiK)HHTeJibHbix» 
SHaneHHHx HanajibHbix ashhbix. 
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JXjir Toro qTo6bi TeopeMa Eropoea HMejia MecTO, AOCTaToq- 
HO, qTo6bi OTHomeHHe Macc 6biJio nopHA^a 10"^ hjih 

MeHbiue. OTCiOAa, b qacTHOCTH, cjieAyeT, qTO KOCMHqecKan 

paKeTa, nocjiaHHaH c SeMJiH h nonaBman c c(|)epy npHTHXceHHH 
HJiH c(|)epy AeficTBHH Mapca hjih Benepbi, odnsaTejibHO BbiHA^T 

H3 3THX C(|)ep. 

TeopeMa EropOBa ne nosBOJiHex cAejiaxb aHajiornqHbie Bbi- 
BOAbi j\JiR CHCxeM SeMJiH — Jlyna — panexa hjih CojiHUe — 
lOoHxep — paxexa. fljin noAo6Hbix cjiyqaeB OKasbiBaexcH 
uejiecoo6pa3HbiM cjieAyioiAee npudAUMennoe paccMOxpeHHe 
B03M0>KH0CXH 3axBaxa, npeAJio>KeHHoe B. A. EropoBbiM. Ha- 
30 BeM mpaeKmopueu cdAUMenuR xaKyio xpaeKxopHio Henpn- 
xHXHBaioiAero cnyxHHKa P, Koxopan a) naHHHaexcH b6jih3h 

OAHoro H3 npHXHXHBaioiAHX ueHxpOB (^ 2 ) H 6) Ha nepBOM 

o6opoxe xoHKH P oxHOCHxejibHO xoHKH A 2 (xo ecxb eiAe ao xoro, 
KaK paAHyc-BeKxop A^P CAejiaex nojiHbiH o6opox BOKpyr xohkh 

A 2 ) BXOAHX B c(J)epy a^hcxbhh Bxoporo npHXHXHBaioiAero 

ueHxpa Aj. 

B. A. EropOB paccMaxpHBaex cjiyqan, koxab — SeMjiH, 
a Ai — Jlyna. Oh noKaabiBaex, qxo xpaeKxopHH c6jiHH<eHHH 
o6H3axejibHO aojihchh BbiftxH H3 c(J)epbi aghcxbhh JlyHbi. Hhhmh 
cjiOBaMH, saxBax JlynoH KOCMHHecKoro KOpa6ji5i c SeMjiH na 
xpaeKxopHH c6jiH}KeHHH HeB03M0HceH. SnaqHX, ecjiH saxBax 
cHapHAa c SeMjiH h Moncex np0H30HXH, xo axo bo bchkom cjiyqae 

He MOHcex 6bixb na xpaeKxopHH cdjiHHceHHH. Bbiboa B. A. Ero- 
poBa cjieAyex h3 xoro, qxo yqacxoK xpaeKxopHH cdjiHHceHHH 
BHyxpH c(J)epbi a^hcxbhh JlyHbi BecbMa 6jih30k k rnnepdojie 
(b cejieHOueHxpHHecKOH CHCxeMe KoopAHHax, xo ecxb b CHcxeMe 
oxcqexa c HaqajioM b ueHxpe JlyHbi h c HenaMenno opnenxHpo- 

BaHHblMH OCHMH KOOpAHHax). 

AnajiornqHO mohcho noKaaaxb, qxo neynpaBJineMbiH cna- 
pHA, KoxopbiH aanymen c Somjih h Bomeji b c(|)epy aghcxbhh 

KaKOH-jiH6o HjianexH (oxHOCHxeJibHO CojiHixa) na nepBOM CBoeM 

o6opoxe BOKpyr CojiHua, odnaaxejibHO BbiHAex h 3 axoft c(J)epbi 

AeficxBHH (ecjiH OH xojibKO He cxojiKHexcH c HJianexoft). 

4. OcuHjijiHUHH B orpaHHqeHHOH 3a- 
Aaqe xpex xeji. ByAeM paccMaxpHBaxb ABHHceHne 
cnyxHHKa AByx 3Be3A b HHepiXHajibHOH CHcxeMe oxcqexa c 
HaqajiOM b hx dapHixenxpe C. 

Ecjih HenpHXHrHBaK?meMy cnyxHHKy P AByx npHXHXHBaio- 
lAHX ixenxpoB (Ai, h (A 2 , coodiAHXb b KaKOH-jindo xoqne 
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npocTpancTBa AOCTaioqHO dojibinyio CKopocTb, to oh yfl^eT b 

6ecKOHeqHOCTb (BcnoMHHTe, HanpHMep, aa^any o TpexbeH 

KOCMHHeCKOH CKOpOCTH, KOTOpyiO MO>KHO peUIHTb H B opeAHO- 

jio>KeHHH, HTO paKOTa BOBce JiHiuena cnoco6HOCTH npHTHra- 
Baib). 

Ecjih me HenpHTHPHBaiomeMy cnyTHHKy coodiuena Aocxa- 

TOHHO Majian CKopocTb, TO OH HaBcerAa ocTaneTCH BHyxpH ne- 

KOToporo KOHeHHoro map a c ueHTpOM b dapHueHxpe ashhux 
3Be3A. 

Mo>KeT HOKaaaTbCH c nepBoro Barjin^a, hto npn Ato6ou Be- 

jiHHHHe HaqajibHoft CKopocTH, coo6meHHoft cnyTHHKy, bo3mo- 

>KeH TOJlbKO OAHH H3 3THX AByX HCXOAOB. 

COBCTCKHM MaTeMaTHK K. A. ChTHHKOB o6Hapy}KHJI (cm. 
[5.2]), HTO B03M0>KeH CEAC H TpCTHH HCXOA, a HMCHHO, MOHCCT 
cjiyHHTbCH, HTO coyTHHK P dy^CT coBcpmaTb KOJiedaTCJibHoe 

(OCUHJIJIHUHOHHOe) ABKHCCHHe.* OpH t OO erO paCCTOHHHH OT 

KaJKAoro H3 npHTHrHBaK)m,HX ucHTpOB A I, A 2 He octhiotch or- 

paHHHeHHblMH H B TO HCe BpCMH 3TH paCCTOHHHH He CTpeMHTCH K 

6ecKOHeqHOCTH. 

K. A. ChTHHKOB CTpOHT KOHKpeTHblH HpHMep CHCTeMbI 
Tpex TeJI, B KOTOpOft HMeeT MeCTO OCUHJIJIHUHH. riyCTb 3Be3AbI 

i4i H ^2 HMeiOT paBHbie Maccbi m^ = M\ C —wx 6apH- 

ueHTp; C^T)^ — HHepuHajibHan CHCTeMa OTcnexa; C^t) — hjioc- 

KOCTb, B KOTOpOH ABHHCyTCH TOHKH VL A^- 

npeAnojio>KHM, HTO npHTHTHBaiomne ueHTpbi A^ w A 2 npH 

CBOeM ABH>KeHHH OHHCblBaiOT SJIJIHHCbl C 60 JIbm 0 H HOJiyOCbK) a 
H SKCUeHTpHCHTeTOM 8, OTJIHHHblM OT HyjIH. flBHHCeHHe TOHOK 

(Aj, M) H (^ 2 , M) 6yAeT bhojihc onpeAejieno, ecjin j\jih 

KaKoro-TO OAHoro MOMenxa 6yAeT aaAana BejiHHHHa yrjia q) 

— > 

MencAy ocbK) Cl h BeKTOpOM CAi, FlycTb npH / = 0 cp = cpo, 

a HenpHTHTHBaiOmHH CnyTHHK P HaXOAHTCH B TOHKe C H HMeeT 

cKopocTb VQy HanpaBJieHHyK) no och Cl, fljin TaKoro nacTHoro 
cjiyqaH orpaHnqeHHOH aaAaqn Tpex xeji K. A. Chthhkob 

AOKaabiBaeT cjieAyioEAHH (J)aKT. 

fljiH Ka>KAoro 3HaqeHHH cpo h Ka>KAOH nocjieAOBaxejibHOCTH 
nojiOHCHTejibHbix qnceji {5^} (b qacTHOCTH, a*^^ jik)6oh nocjie- 
AOBaTejibHOCTH, CTpeMHm,eHCH K 6ecKOHeqHOCTH) cyu;ecTByeT 
TaKoe anaqeHHe Vq, qxo npH / > 0 , t oo cnyxHHK P 6ec- 

KOHeqHoe qncJio paa npOHAeT qepea Toqxy C, yAaJinncb ot 
nee nocjie k-ro npoxoncA^Hnn na paccTOHHHe, dojibmee, qeM 

^ 1 J 2, • a . 
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§ 6] 

5. riepHOAHqecKHe opdHTbi. flH(|)(|)epeH- 

iXHaJibHbie ypaBHeHHH orpaHH^enHoft njiocKOH KpyroBofi aa^a- 
qH Tpex Teji MoryT 6biTb pemenbi Jiiodoro Aannoro KOHeq- 
Horo npoMeHcyxKa BpeMenn c jik)6oh xpedyeMOH ToqHOCTbio, 

ecJiH BOcnojibaoBaxbCH Mexo^aMH qHCJieHHoro HHxerpqpoBa- 
HHH. OAHaKO nojiyqaeMbie xaKHM o6pa30M peayjibxaxbi ne no3- 
BOJiHiox cyAHXb 0 ABH>KeHHH HenpHXHXHBaioiAero cnyxHHKa 
BHe 3X0X0 npoMe^yxKa BpeMeHH. HcKJiioqeHHe cocxaBJinex 

xoT cjiyqaft, KOXAa ABHHceHHe nepnoAHqecKoe. 

JlBH^eHHe cnyxHHKa P b orpaHHqeHHofl ojiockoh Kpyro- 
Boft aa^a^e xpex xeji Haabiaaiox nepaodunecKUM, ecjiH ero 
KOopAHHaxbi X (t), y {f) bo BpaiAaiomeftcH CHCxeMe oxcqexa 

HBJIHIOXCH nepHOAH^eCKHMH (|)yHKIXHHMH BpeMOHM, XO eCXb 

cymecxByex xanan KOHCxaHxa A, > 0, qxo a: (^ + A) = x {t)^ 

^ (/ + A) = y {t) npH jik)6om t. Ecjih ABH>KeHHe xoqxH P hb- 
jinexcH nepHOAHqecKHM h mu anaeM ero b xeqeHHe xojibko oa- 

Horo nepHOAa, xo xeM caMUM mu anaeM ABH^enne a^h jiiodoro 
npOMe^yxKa BpeMenn. B xeqeHne nocjieAHHX 70 Jiex noHBHJiocb 
anaqHxejibHoe qncjio HccjieAOBaHHH, nocBniAennux nepnoAH- 
qecKHM opOnxaM orpaHnqeHHoft aaAaqn xpex xeji. Tax, na- 
npHMep, rpynna AaxcKHX acxpOHOMOB (T. Tnjie, 3. CxpeM- 
rpen h Apyrne) a^jih nojinyio KJiaccH(J)HKauHK) nepnoAHqecKHX 
pemeHHH a«^^ Tax nasuBaeMoft KonenrareHCKoft aaAann, xo 
ecxb A«^^ orpaHHqeHHOH hjiockoh KpyroBofl aaAann xpex xeji 
npH ycjiOBHH, qxo Maccu npHXHXHBaioiAHX uenxpOB h 
paBHU (nil “ ^ 2 )- AnaJiorHqHoe HccjieAOBaHne npn I m2 = 
= 1 : 10 BbinOJIHHJI aHFJIHHCKHH aCXpOHOM J^apBHH B 

nocjieAHHe foabi XIX cxojiexHH. OyHAaMenxajibHue peayjib- 
xaxbi H MexoAbi b HccjieAOBaHHH nepHOAnqecKHX opOnx npH- 
HaAJieHcax pyccKOMy MaxeMaxHKy A. M. JlnnyHOBy (1857 — 

1918) H (|)paHuy3CKOMy MaxeMaxHxy A. OyaHKape (1856—1912), 
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§ 1. B03MymEHH^ B 3J1EMEHTAX OPBHTW 

1. B rjiaeax II—IV Mbi noApo6HO osHaKOMHjiHCb c abh- 

}KeHHeM «cnyTHHKa» (P, m) noA AeftcTBHeM THroxeHHH k hcko- 
TOpOMy npHTHrHBaioLAeMy uenipy (Ay M), TpaeKiopHio, no ko- 

TOpoH ABH>KeTCH cnyTHHK P OTHOCHTejibHO npHTnrHBaioiAero 
uenipa Ay o6binHO nasbiBaiOT KenjiepOBoft. 

npH HsyneHHH ABHxcenHH cnyranKa, noMHMO THroieHnn 

K npHTHrnBaioiAeMy uenTpy, nacTO OKasbiBaeTcn Heo6xoAHMbiM 
yqnTbiBaTb h Apyrne (|)aKTOpbi, Koxopbie AeftcxByiox na cnyxnnK 
H cyiAecxBeHHO CKasbiBaioxcH na onncbmaeMOH hm xpaenxo- 
pHH. K xaKHM (|)aKxopaM oxhochxch: 

1 ) xHroxenne k ApyrnM He6ecHbiM xeJiaM (nanpHMep, xh- 
roxenne cnyxHHKa Seum k Jlyne hjih Cojinuy); 

2 ) conpoxHBJieHHe axMOC(|)epbi; 

3 ) Hec 4 )epHnecKaH cxpyKxypa uenxpajibHoro xejia (nanpH- 
Mep, cnjHOcnyxocxb Seivuin); 

4) CBexoBoe AaBJianne na cnyxnnK; 

5) sjieKxpOMarnnxHbie cnjibi, BOsnnKaiomHe BCJieACXBne 
nepeMeu;eHHH MexajijinnecKHX nacxen cnyxnnKa b sjieKxpo- 
MarnnxHOM nojie uenxpaJibHoro xejia. 

PaBHOAencxByioLAyK) F Bcex chji, ynnxbmaeMbix npn pe- 
mennn saAann o ABHJKennn cnyxnnKa, mo>kho npcACxannxb b 
B nAc cyMMbi AByx cjiaracMbix: 

F = F, + Pb. 

Oaho ns nnx, Fr — «rjiaBHaH» cnjia, c Koxopon cnyxnnK P 
npnxnrnBaexcH k uenxpaJibnoMy xejiy, paccMaxpnnaeMOMy 
KaK MaxepnaJibHan xonKa; ona onpeACJinexcn nepes Maccy 
uenxpajibHoro xejia M, Maccy cnyxnnKa m n paAHyc-BCKxop r, 
coeAnHHKDLAnn 6apnueHxp A uenxpajibnoro xejia co cnyxnn- 



B03MyiU,EHH5I B 3J1EMEHTAX OPBHTbl 


265 



KOM P, no saKOny BceMnpnoro THroxennH: 

^ ,Mm 


Bxopoe cjiaraeMoe Fb, o6binHO no uojiyjiio snannxejibHO Menb- 
inee, neM Fr, nasbiBaexcn B03Myii;aK?meft chjioh. ycKopenne 
coo6ii;aeMoe eto cnyxHHKy, nasbiBaiox BOSMymaioiUHM ycKO- 
penneM. Thkhm o6pa30M, ypaBnenne ABHX^ennH cnyxHHKa 
HMeex BHA 



HJin 




Ecjih 6hi B03Myu;aK)u;ee ycKopenne 6biJio paBHO nyjno, 

xo ypaBnenne (1) npeACxaBJinjio 6bi co6oh An(|)(j)epenD;HajibHoe 
ypaBnenne aa^ann AByx xeji n onpeAejinjio 6bi KenjiepOBy 
op6nxy (sjijinnc, rnnep6ojiy njin napa6ojiy). nojioncenne, 
(j)opMa, pasMepbi op6nxbi n nojion^enne caMoro cnyxnnna na 
nen nojinocxbK) xapaKxepnsoBaJincb 6bi luecxbio KoncxanxaMn — 
sjieMenxaMn 3xon op6nxbi y, e, p, co, x *). 

Ecjin >Ke €)=^0, xo op6nxa, BOo6n;e roBOpn, ne 6yAex ko- 
nnnecKnM cenenneM. Ho Mbi MO>KeM Bce me cnnxaxb, nxo cnyx- 
nnK B Ka>KAbin MOMenx BpeMenn t naxoAnxcn na nenoxopOM 
KonnnecKOM cenennn, a nivienno na xon nenjiepOBon op6nxe, 
na Koxopon on oxasajicn 6bi, ecjin 6bi b MOMenx t BApyr npenpa- 
xnJiocb AencxBne BOSMyiAaioLAen cnjibi. 

JXji^ Ka>KAoro MOMenxa BpeMenn t 6yAex cboh xanan nenjie- 
pOBa op6nxa. Hnane roBopn, KOiinnecKoe cenenne, na koxo- 
pOM naxoAnxcH cnyxnnn, Mennexcn c xenenneM BpeMenn, ono 
KaK 6bi «Abimnx», xo pa36yxa5i, xo OKnMancb, xo noBOpannBa- 
HCb B npocxpancxBe. 3xo anannx, nxo sjieMenxbi axon op6nxbi, 
BOo6u;e roBOpn, Mennioxcn c xenenneM BpeMenn, onn nnjin- 
KDxcH 4)yHKD;H5iMn OX BpeMenn t. Ho b xajKAbin MOMenx Bpe¬ 
Menn t xaKoe KonnnecKoe cenenne Kacaexcn ncxnnnon xpa- 
eKxopnn cnyxnnna b xon caMon xonne, XAe b axox MOMenx n 

*) Mepea r mh b stoh r./iaBe odoaHanaeM momcht npoxo>KAeHHH cnyi- 
HHKa qepea nepHuenTp. 
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HaxoAHTCH cnyTHHK. HenpepbiBHO MeHnioiuaHCH KenjiepOBa 
op6HTa, KOTOpan cTpOHTCH yKaaaHHbiM Bbime odpasoM, Ha- 

sbiBaeicH ocKyAupywmeu op6umou, a ee sjieMeHTbi 

^ (0, 7 (0, e (0, P (0, CO (0, T it) (2) 

HasbiBaioT ocKyAupywiOfUMU, 

EcJIH UieCTb (|)yHKUHH (2) HSBeCTHbl, TO MO^HO HaHTH CO- 

jio^eHHe cnyTHHKa b jiio6oh momcht BpeMeHH 

HanpHMep, ecjiH oKajKOTCH, hto e (^i) 1 h y (^i) =1= 0, 

TO TpH KOOpAHHaTbl CnyTHHKa P B MOMeHT ti MO>KHO Bbl^HCJlHTb 

no (|)OpMyjiaM (4.2.25) (npeABapHTejibHO npHAeTcn BbiqncjiHTb 
a, h n E, hto neTpyAHO CAejiaTb). Ho cxoAHbiM (|) 0 pMyjiaM 
MO>KHO naHTH nojioxceHHe cnyTHHKa h b tom cjiynae, Kor^a 

® (^i) ^ 1 ^ (^i) = 1 • 

fljiH naxojKAeHHH mecTH (|)yHKij;HH (2) HcnojibsyiOT Bcno- 
MoraTCJibHbie ypaBnennH, KOTopbie CBHSbiBaiOT nponsBOAnbie ot 

3THX (j)yHKij;HH c caMHMH (|)yHKUHHMH. 3th AH(j)(})epeHij;HajibHbie 

ypaBHenHH nasbiBaiOTCH ypaenenuAMU Htfomona — Jlaapanoica. 

JXji^ BbiBOAa ypaBHeHHH HbiOTona — Jlarpanxca Bocnojib- 
aycMCH npHCMOM, npeAJiOH^ennbiM A. H. Jlypbe [8.9]. 

2. B AaJibHeftmeM hbm noTpe6yioTCH ncKOTOpbie necJiojKHbie 
BcnoMoraTCJibHbie (|)aKTbi, OTHocnninecH k KnneMaTHKe TsepAO- 
ro TCJia, BpamaioiuerocH BOKpyr HCKOTOpoft tohkh A. 

1) Ecjih tcjio BpaiAacTCH BOKpyr ncKOTOpon och, npoxo- 
AHiueft nepes Tonxy A, c yrjiOBoft CKOpocTbio *) o), to mo>kho 
3T0 Bpamenne saAaTb BCKTOpoM o) = co/^, tac n — opT och Bpa- 

IACHHH; npH 3T0M CKOpOCTb V KaJKAOH TOHKH P 3T0r0 TCJia onpe- 

AejiHCTCH nepes ee paAHyc-BeKTOp R{R = AP) no ({)opMyjie 

V = (d X Ry (3) 

HJIH 

dRIdt = (d X R, (4) 

2) npH ah)6om ABHHceHHH TBepAoro Tejia, HMeiomero nenoA- 

BHJKHyiO TOHKy Ay MO>KHO B KaJKAblH MOMCHT BpeMeHH t HO- 
A 06 paTb TaKOH BCKTOp 0 ) = (0 (/), HTO A«^H J 1 K) 6 oH TOHKH P 3T0- 

ro TeJia 6yAeT HMeTb MecTO paneHCTBO 

R = (dX R, (5) 

*) VrJlOBaH CKOpOCTb CO, O KOTOpOH rOBOpHTCH BSTOMnyHKXe, HeHMeeT 

HHHero o6ii;ero c apryMenroM nepHuenTpa co (ojihhm H3 9./ieMeHTOB op6HTbi 

cnyTHHKa), O KOTOpOM MbI rOBOpHJIH Bbime. 
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TAe R = AP. Ocb, npoxoAHLuan qepes TO^Ky A w onpeAejine- 

MaH BeKTOpoM ( 0 , HasbiBaeTCH MaHoeeHHOu ocbto epamenm xejia, 
a caM BEKTOp (0 — MemeeHHOu yaAoeou cKopocrntw meAa. 

3) npH CJ10>KeHHH HeCKOJlbKHX ABH>KeHHH TBepAOEO TEJia, 

HMeiomero HenoABHJKHyio TO^Ky A , MrHOBeHHbie yrjiOBbie cko- 

pOCTH CKJiaAbIBaiOTCH. 

4) ilBH>KeHHe Tejia, o6jiaAaioii;ero HenoABHJKHoft to^koh 
A, nojiHocTbK) onpeAeJieHO, ecJiH b KajK^Bift momeht BpeMeHH 
HBBecTHO nojio>KeHHe ocefi noABHJKHoft cHCxeMbi OTC^exa 

i4^r]^, ^ecTKo CBHsaHHoft c xejiOM, OTHOCHTejibHO Heno;];BH^- 

HOH cHCTCMbi OTC^exa Axyz. FlycTb mojkho nepeftTH ot CHCxeMbi 
Axyz K CHCTEMe A^\\t, npH noMOiUH xpex nocjieAOBaxeJibHbix 

noBOpOTOB BOKpyr ocefl, onpeAejiHeMbix eAHHH^HbiMH bekto- 
paMH til, cooTBeTCTBeHHO Ha yrjibi a^, ag (a^ h tik mo- 

ryx MeHHTbCH c xeneHneM BpeMeHH). ToxAa MXHOBeHHbie cko- 
pocxH BpaineHHH BOKpyr KajKj^oH H3 3XHX oceH xapaKxepHsy- 

lOXCH BeKXOpaMH 

• • • 

®1 = (0»1. ®2 = “2 (0»2. ®3 = “3 (0 »3. ( 6 ) 

a MrHOBeHHan CKOpocxb BpaLi;eHHH xejia MOJKex 6bixb BbiHHCJie- 
Ha HO (|)opMyjie 

0 ) = (Oi + (O 2 + ( 1 ) 3 , 

xo ecxb 

• • • 

0 ) = aitti + a 2/^2 "T 0^3/^3. 

3. BbiBeABM xenepb ypaBHeHHH Hbioxona — JlarpaH>Ka. 
Hycxb ABH>KeHHe cnyxHHKa P (pHc. 8.1) paccMaxpHBaexcH ox- 

HOCHXeJlbHO HeKOXOpOH HpHMOyrOJIbHOH A^KapXOBOH CHCXeMbI 

KoopAHHax Axyz c HanajiOM b npHXHrHBaK)L[],eM uenxpe A. 

EAHHHHHbie BeKXOpbl oceft o603HaHHM COOXBeXCXBeHHO Hepe3 

i. J\ k. 

PaCCMOXpHM B KaJKAblH MOMeHX BpeMeHH ^ XpH B3aHMHO 

opxoroHajibHbix eAHHHHHbix BeKXOpa: Bexxop ei — opx pa- 

AHyca-BeKxopa cnyxHHKa AP; BCKXop €2 — ej^HHHHHbift BeK- 
xop HonepeHHOH cocxaBJiHiomeH cKopocxH cnyxHHKa Vn (3X0X 
BeKxop jie>KHx B HjiocKocxH, HpoxoAHUieH Hepe3 pa;^Hyc-BeK- 

xop cnyxHHKa h BeKxop ero CKopocxH v); BeKxop 
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onpeAejineMbiH (})opMyjioH 

^3 ^ ^2* 

nepeHOCH 3TH TpH eAHKH^HblX BEKTOpa €es B OAHy 

TO^Ky A, nojiyqiiM opToroHajibHbift xpHSAp, KOTOpbift mojkho 
paccMaxpHBaTb xax HeKOTOpoe TBepAoe tejig. C te^ehmem BpE- 

MEHH 3T0T TpHSAp 6yAET BpaiIJ,aTbCH, HO OAHa EPO TOHKa (A) 



Phc. 8.1. 


OCTaHETCH BCE BpEMH HEHOABH^CHOH. OoSTOMy K TpHSApy 
{^1, ^2) ^3} M0>KH0 npHMEHHTb HOJIOJKEHHH KHHEMaTHKH TBEp- 

Aoro TEJia (cm. n. 2). 

OcH A^, Ar\, At, noABHJKHOH chctemh KOOpAHHar ^l^ri^Ha- 

npaBHM BAOJlb BEKTOpOB e^y ^3. OpOEKAHH BOBMymaiOLUErO 
yCKOpEHHH €) Ha 3TH OCH 0603HaHHM COOTBETCTBEHHO HEpE3 
Oi, O2, O3 . EcJIH 6bl B MOMEHT t HpEKpaTHJIOCb ACHCTBHE B03- 

MyiAaiOLHEH CHjibi TO cnyTHHK CTaji 6bi ABHraTbCH no Ka- 
KOMy-TO KOHHHECKOMy CEHEHHK) (nO KEnJIEpOBOH Op6HTE). 
0603HaHHM 3JIEMEHTbI 3T0H Op6HTbI OTHOCHTEJlbHO CHCTEMbI 

OTCHETa Axyz ncpca 


0 ,, 7 , p, 8 , ( 0 , T. 
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n 

Ecjih 6bi cnyTHHK ABHrajicH no otoh op6HTe, to b jik)6oh 
nocJieAyK)iiJ,Hn momcht ero nojiojKenne n cKopocTb onpeAejin- 
,iHCb 6bi (|)0pMyjiaMH saAann AByx xeji, BbiBeAennbiMH b rjia- 
Be II. TaKHM o6pa30M, ypaBnenne op6HTbi hmbjio 6bi bha 

r = rei, (7) 

me 

r -_ P _ (8) 

1 + 8 COS 0 * 


a CKopocTb V onpeAejiHJiacb 6bi (j)opMyjiOH 

V VrCi + 




B 3THX (|)opMyjiax npn ABHJKennH no KeriAepoeou opdHxe mc- 
HHCTCH 6, a Bejinnnnbi 8, p ocxaioTCH nocTOHnnbiMH. 

B eosMymeHHOM ABHJKennn, MCHnn Mbi 6yAeM nepexoAHTb 
OT OAHOH KenjiepoBOH op6HTbi K Apyroft. KajKAbiH pas paAHyc- 
BCKTop H cKOpocTb cnyTHHKa 6yAyT onpeAejiHTbCH no (|)0pMy- 

jiaM (7) — (10), HO B 3THX (f)opMyjiax ne tojibko 6, ho n e h p 

6yAyT (|)yHKUH5IMH OT BpCMCHH. 

B MOMCHT BpCMCHH t CnyTHHK, ABHEaHCb HO CBOCH pCaJIb- 
HOH, «B03MyH;eHH0H» OpOnTC, HMCeTHeKOTOpyK) CKOpOCTb, KOTO- 

pan MOJKCT 6biTb onpeAejiena no (|)OpMyjie 



C ApyroH CTOpOHbi, ecjin 6bi b 3tot momcht t npcKpaTHJiocb 
AencTBne B03Myu;aiouj,eH cnjibi, to cnyTHHK, hmch Ty >Ke mtho- 

BCHHyK) CKOpocTb^?, CTBJi 6bi ABHTaTbCH HO KeuAepoeou opOn- 
Tc. Ho B TaKOM cjiynae ero cKOpocTb onpeAeJinjiacb 6bi no 
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irji. \ iii 


(Jx)pMyjie (9). CjiCAOBaiejibHO, 


dr 

Tt 


VrC, + Vne 


( 12 ) 


3t0 paBCHCTBO AOJl>KHO HMeXb MeCTO B Ka}KAbIH MOMEHT 
BpeMCHH t, OHO HBJIHeTCH TOJK^eCTBOM, H HOOTOMy CPO MOH^HO 

npOAH(})4)epeHij;HpOBaTb no t: 


d^r 

dt^ 


d 

dt 


[VrCi + Vae^ 


(13) 


C Apyroft CTopoHbi, no ycjiOBnio (1) 




K 


® 


riosTOMy 


d 

dt 


(VrC^ 


’OnB-il 


K 

r2 


ei 


0) 


(14) 


Hb (12) n (7) HMeeM 


d {re^ 
dt 


Vrej, + Vne 


(15) 


JXbsl BeKTOpHbix paBCHCTBa (14) n (15) n hbjihiotch, no cyrn 

Aejia, AH(|)(|)epeHD;najibHbiMn ypaBnennnMn BOSMynxennoro abh- 
}KeHHH. B ABJibnenmeM Mbi: 1) saMennivi nx uiecTbKD CKajinpnbiMn 
paBencTBaMn; 2) BbipasHM BXOAnmne b sth paBencTBa Bejin- 

nnnbi nepes ocKyjinpyiou;ne sjieuemu e (?), p (/), (/), 

y (t), 0) {t), T (t) H nx nepBbie nponsBOAHbie; 3) nojiynnM Bbi- 
pan^enHH a«^^ nponsBOAHbix ot ocKyjinpyioLAnx ojiCMeniOB. 


3to h 6yAyT ypaBnennH HbiOTona 


Jlarpannca. 


4, HxaK, cnanajia saMennM dea eeKmopnbix pueencmea (14), 

(15) luecmbfo cmAnpHbiMU, FIponsBOAn AH(})(j)epeHu;HpoBaHne 

B jieBbix nacTHX ypaBnennH (15), (14), nojiynnM: 


dei , dr 


VrC, + Vne., 


(16) 


V 


dei 

'Tt 


dVr 


Vn 


de 

Tt 


dv, 

dt 


e 


K 

f.2 


e,+ 0. (17) 


2 
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Ocbo6oapimch ot bxoahiuhx b (16) h (17) BeKxopoB 


de 


k 


dt ’ 


k 


1, 2, 3, BbipasHB HX qepes {Ck} h {coy^}. 

PaccMaTpHBan TpHSAp ^ 3 } Kax xBepAoe xejio, mm 


U 


MOJKEM SanHCaTb BEKTOp MEHOBEKHOH CKOpOCTH EFO BpailieHHH 

0) B cjieAyiomeM BHAe: 


(0 


(Oi^l 


COo^ 


2^2 


0 ) 3 ^ 3 , 


(18) 


ripHHeM corjiacHO TO>KjiecTBy (4) 


dei 

W 

de 

Tt 

de 

Jt 


0) X e,, 


2 


0) X e^, 


(19) 


3 


io X ^3. 


SaMEHHH B 3THX (|)opMyjiax 0) npH noMOiiiH (18), nojiyqHM 


dei 


dt 


de^ 


dt ■ 

= coje 

CO 

II 

= i 


0)2^3 + 0)3^2» 


1 


3^2 


3 


0 ) 3 ^ 1 , 




( 20 ) 


dt 


a)i^2 ^2^1- 


ripACTaBJiHH xenepb HaHAEHHbie SHaqeHHH npoHSBOAHbix b 

(16), (17) H npHpaBHHBan K03(JxJ)Hij;HeHXbi npH OAHHaKOBbix 


U 


opxax, nojiyijHM mecxb cKajiapHbix cooxHomeHHH: 

) 


dVr 


Vr<^3 


VrWo 


dr 


dt ■ 


/-CO3 = 

11 

8 

to 

11 

= 0, 

- = 

r - 

, dVn 

+ dt - 

II 

e 

to 

- Vn(^i = 

II 

e 

CO 




J 
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Ha 3T0H CHCXeMbl JiePKO HaXOAHXCH 


dr 


dv 


r 


dt ' dt ' 


dv 


n 


dt 


, (Oi, CO 2 , CO 3 I 


3 


dr 

~dt 




dv 


r 




K 


dt 


r 


r 


2 




dv 




n 


VrV 


dt 


r^n 


r 


(D 


2) 


o 


CO 


3 


1 


V 


, CO, 


— 0, CO 


V 


n 


3 


n 


r 


( 21 ) 


TaKHM o6p 


BVX BEKXOpHblX paBEHCXB (14), (15) 


xenepb HMeeM mecxb cxajiHppibix paBencxB (21). 
5. BxoAHmHe B (21) BcnoMoraxejibHbie bejih^hhu 


3 


nonbixaeMCH Bbip 

npouseodhbie. 


qepea ocKyAupytomue dAeMenmu u ux 


BejiHqHHbi 


A 


3 


npoeKUHH BEKxopa 


Ha OCH 


Aif]y A^, onpeAejiHEMbie opxaMH 


0) 


COi^l 




BcnOMHHM, HXO (0 — 3X0 BEKXOp MPHOBEHMOH yXJlOBOH CKOpOCXH 

Bpau;eHH5i TpH3Apa ^ 3 }. 

riojiojKeHHe 3xoro xpH3Apa oxHOCHxejibHO HenoABHJKHoft 

CHCxeMbi oxcHexa Axyz xapaKxepnayexcH xpeMH yrjiaMH Sly 7, 
CO. /Ijih xoro Hxo6bi nepeftxH ox CHCxeMbi oxcnexa Axyz k ch- 


cxeMe i4^r]^, heoSxoahmo coBepmnxb nocjieAOBaxejibHO xpH 
noBOpoxa: Ha yroji SI BOKpyr och Az (onpeAejineMoft opxoM fe), 


aaxeM na yroji y BOKpyr jihhhh yajiOB ^4^ (onpeAejineMoft op- 


xoM P), H, HaKOHeu;, na yroji c/ (a = co + 6 ) BOKpyr och A^ 
(onpeACJiHCMOH opxoM ^ 3 )*). MrHOBCHHbie yrjiOBbie CKOpocxH 

Bpau;eHHH BOKpyr Ka>KAOH H3 3XHX OCCH paBHbl COOXBeXCXBCHHO 

• • # 

Uky yP, uCs- no3xoMy b KajKAbift momchx bpcmchh MPHOBCHHan 

yrjiOBan CKOpocxb BpaineHHH xpH3Apa {^ 1 , € 2 , ^ 3 } onpeACJinexcH 


HO (|)0pMyjie 


(0 


dSl 

dt 


k 


dy 

dt 


da 

dt 


e 


3 * 


(22) 


*) YroJi u odbiHHO HasbiBaHDT apeyMenmoM uiupombi. 
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Ecau GbipasuM eeKtnopbL ^ a k nepes ei, 62 , ^3 u nodcmaeuM 9 mu 
BbipaMenuR e (22), mo sameM acsko naudeM coi, CO 2 , CO 3 . 

BeKTop p jie>KHT B njiocKOCTH BeKTopoB ^2 M HanpaBJien 

noA yrdOM a k opxy ei u noA yr.iOM u — 90° k opxy € 2 - Hoaxoiviy 


P = cos a Cl — sin a 62 ^ (23) 

Pa 3 no>KiiM BCKxop k no opxaM xpnsApa: 

k ~r ^ 2^2 ^3^3* (^ 4 ) 




C3 = COS 7. (25) 

Mxo6bi Haiixn n C 2 , yMHO^HM (24) BCKxopno na e^\ 

k X 63 = — €162 + € 261 . (26) 

C ApyroH cxopoHbi, 

k X €3 = sin 7 *p, (27) 

Ih (26) n (27) nojiynacM 

Cl = sin y sin a, C2 = sin y cos u. 


TaKHM oopasoM, 


fe = sin Y sin u Si ~ 


sin Y cos u 62 


cos Y ^ 3 - 



rioAcxaBnHH BbipajKCHHH (28) n (23) A«nH ^ u k b (22) n rpyn- 

nnpyH K 03 (})(})HuneHXbi npn opxax, no.iynnM npocKunn bck- 

xopa MEHOBCHHOH yrjlOBOH CKOpOCXH (0 Ha OCH nOABH>KHOrO 

xpiiSApa: 



• • 

d'd 

1 1 

COi = 

= Sin y sin 

" dt 

h cos U —rr , 

dt 


# 

d'd 

dr 

0)2 = 

sin Y cos 

“ dt - 

s,n „ , 


dXl 

da 


(O3 = 


dt 

• 

1 



TaKHM oSpasoM, mu eupasuAu eeAUHUHU coi, cog, (O3 nepes 

ocKyAupytoipuiL dACMenm, y, apaijMenm tuupomu a a npous- 
Godnue om X, y, a. 

18 M. n. Bair 


274 OTKJIOHEHHE OT KEnJIEPOBOK TPAEKTOPHH [PJI. VIII 


dt 


dy 

dt 


a muKMe 


dll 

dt 


6. HcnoAbsyn (29) u (21), Haudem 

JXeftCTBHTeJIbHO, nOACTaBJIHH SHa^eHHH A-HH COi, COo, CO 3 II3 

(29) B nocjie^HHe TpH paBencTBa CHCxeMbi (21) h npuBJiCKan 
eiij,e (10), nojiyqHM CHCxeMy 


dQ 


Tpex JIHHeHHbIX ypaBHeHHH otho- 

du 


CHTeJIbHO npOH3BOAHbIX 


d^ 

dt 


dt 


sin y sin u 


sin y cos u 



dt 

dU 

dt 



cos u 


d'X 

Tt 



d'X 

— sm a = 

dt 



dU 

C0ST3T 




Ha nepBbix AByx ypaBHeHHH jierKO naxoAHTCH nponsBOAHue 

dt dt ‘ 



(31) 

(32) 


a aaxcM 113 Tpexbero nojiy^acM 





sin u ctg t® 3 - 



Tax Kax a = 

dd 


jiimnny 




0, TO oTCfOAa jierxo mo>xho HaiiTH bc- 





sin u ctg yOg. 



ypaenenuH (31), (32) HBARtomcR deyuR U3 luectnu ypaeneHuii 
cucmeMbi Hbtomona — JlaapanMa, a ypaBHCHHC (34) mh iic- 

nojibsycM A^Jiee j\jir nojiyqcHH^i ocxanbHbix ypaBHCHHH stoh 

CHCTCMbl. 
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7. HaHAeM xenepb 


d(o dp de 

W ~dt' 


JJjIH 3T0r0 oSpaTHMCH K nepBbIM TpeM ypaBHeHHHM CHCieMbl (21). 

Hcnojibsyn (8) h (10), nepenHuieM sth ypaBHeHHH b cjieAyio- 

meM BHAe: 




Hs ( 8 ) H ( 10 ) BHAHO, qio BejIHHHHbl r, Vr, Vn SaBHCHT OT 

t qepes nocpeACTBO Tpex (j)yHKUHH 0, 8, p. OosTOMy no npaBHJiy 

AH(})(})epeHUHpOBaHHH CJIO>KHOH (})yHKUHH 


dr 

dr 

ae 

dr dp 

dr 

de 

1 

dt 

ae 

dt 

dp dt 

ae 

dt ’ 


dVr 


ae 

dVr dp 

, dVr 

ae 

1 

dt ' 

ae 

dt 

dp dt 

^ ae 

dt ’ 

r 

dVn 

dVn 

ae 

, dv,i dp 

dVn 

ae 


dt ■ 

~ ae 

dt 

' dp dt 

dE 

dt ■ 





18* 
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noACTaBJi5iH BejiHHHHbi (37) H (34) B (36), a saxeivi (36) b ypaB- 

HeHHH (35), nOJiyqHM TpH JlHHeHHblX ypaBHeHHH OTHOCHiejIbHO 




^3 = slnu ctg 7 O3. 


CKjiaAbiBan nepBoe h Tpexbe ypaBHeHHH, HaftAeM 





noACTaBJiHH HaHAeHHoe b nepBoe h BTopoe ypaBHeHHH h 
H pHBAeKan ypaBHenne ( 8 ), noc.ie Hecjio>KHbix BbiKjiaAOK 

HOjiyqHM 






r 



r \ 
p] 


cos 0 




dl 


sin 0 Oi + 
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HpHBeAeM eu;e 6e3 BbiBO^a c})opMy.ibi jxji^ npoHSBOAHofl ocKy- 
jinpyiomero sjieMeHxa t: 






cos QdQ 

— 8 COS 0)^ ‘ 


( 42 ) 

( 43 ) 


ypaenenuH (31), (32), (39) — (42) u npedcmasARtom co6ou 

ucKOMyto cucmeMy ypaenenuu HbtomoHa — JlaapanMa. 

8. Bo MHOEHX npaKTH^ecKPi BCTpeqaioLUHXCH cjiyqanx 

B03MyiiJ,aK)iiJ,ee ycKopcHHC (P ne saBHCHx hbho ot BpCMCHH t , 

ToEAa H npaBbie qaciH AH(})(})epeHUHajibHbix ypaBHCHHH Hbio- 
Tona — JIarpaH>Ka TO>Ke hc aaBHCHX hbho ot t . B stom cjiynae 
ueJiecooSpaaHO npHHHTb sa nesaBHCHMoe nepcMCHHoe bmccto 

BpCMCHH t apryMCHT LHHpOTbl U [8.II]. BoCHOJIbSyCMCH ;^JIH 
3TOrO ypaBHCHHCM (33), KOTOpOC nCpCHHlHCM B BHAC 

du _ YKp 

~dt ^ 


I — ^ctgrsinwOg 


( 44 ) 

( 45 ) 


OepexoAn b ypaBHeHHHX ( 31 ), ( 32 ), ( 39 ) —( 42 ) k AH 4 )(j)epeH- 

UHpOBaHHK) no a, npn homoiuh (44) nojiyHHM: 
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cos0Oi “ esin 0 1 





ctg Y sin a O 



(e sin 0 N 


— cos 0) 



(50) 

(51) 


SaMCTHM, HTO (})opMyjibi (46) — (51) nojiyqaioTCH h 3 ypas- 
HCHHH (31), (32), (39) — (42), ecjiH b nocjicAHHX saivieHHTb t na 

u H npaByio ^ac^h yMHO>KHTb na r^VlYKp- 


§ 2 . BJ1H51HHE CnJlfOCHyiOCTM HJlAHETbl 
HA TPAEKTOPHH) CnVTHHKA 

KaK Mbi y>Ke OTMcqaJiH b rjiaBC I (§ 3), noTCHUHaji njiancTbi, 
HMCioiueH (|)opMy OKaxoro c(})epOHAa, mo>kho BbiqncjiHTb no 
cjicAyioiueft npH6jiH>KeHHOH (})opMyjie: 

t/ = ^+/,7C^l(3sin^¥ -1), (1) 


r^e r — paccTOHnne ot SapHuenipa nnanera (A) ao cnyxHHKa 

(P), ^ — yroji naKjiona paAnyca-BCKTopa cnyxHHKa AP 
K njiocKOCTH OKBaxopa, Rs — OKBaxopnajibHbiH paAnyc njia- 

nexbi, ^2 — SespasMepnaH Koncxanxa, K = /Mn, Mn—Macca 

njianexbi. B cjiynae Scmjih = —1082,8-10“^. 

OxMexHM 6e3 AOKa3axenbcxBa, nxo J 2 mo>kho Bbinncjinxb 
no (})opMyjie 

7 (f - 

XAe ga — ycKOpenne cnjibi xHroxennH k njianexe na SKBaxope, 
6 — yrjiOBan CKopocxb Bpam,eHHH njianexbi BOKpyr ee ocn n 

a — CHcaxne njianexbi. 

ByAOM paccMaxpHBaxb ABH^Kenne cnyxnnKa njianexbi b 
cjicAyioLACH CHCXCMC oxcncxai 3a ocnoBnyio njiocKOCxb Axy npn- 
MCM njiocKOCxb SKBaxopa; nanpaBJicnne ocn Ax coxpannM 
HeH3MeHHbiM B npocxpaHcxBC (b nacxHOcxH, B cjiynae SeMjin 
ocb Ax nanpaBHM b xonny Becennero paBHOAencxBHH); ocb 
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Az HanpaBHM b oahh hs bojiiocob njianeTbi; ocb Ay BbiSepeM 
laK, HToSbi CHCxeMa Axyz 6bLia npaBOOpHenTHpOBaHHoft. 3 a 
B03MymaK)u;yio CHjiy mu npHMeu pasnocTb Me}KAy chjioh, c koto- 
poH cnyxHHK npHTBPHBaeTCH K nnaHexe, h chjioh, c Koxopoft 
cnyxHHK npHXHXHBajiCH 6bi k xomkc A, ecjiH 6bi b hch 6biJia 
cocpeAoxoneHa bch Macca njianexu. 

BosMyluafOluaH cHJia hmccx noxenunaji 



(3sin2^ __ 1)^ 



BbiHHC.iHM npoeKUHH BOSMyiuaioiuero ycKopCHHH CD, coo 6 - 

lUaeMoro cnyxHHKy, na och KOOpAnnax^l, Ar], A^: 



OpoeKXHpyH Ha HeSecnyio ccjiepy hjiockocxh MepHAHana, 
SKBaxopa H opSnxbi cnyxHHKa, no.nyHHM npHMoyrojibHuft 

C^iepHHCCKHH XpeyrOJIbHHK. BeJlHHHHbl 7 HBJIHIOXCH B 

3 X 0 M xpeyrojibHHKe cooxBexcxBCHHO rnnoxenysoH, xaxexoM h 
\THOM, npoxHBOjiejKaiAHM axoMy Kaxexy. CorjiacHO nsBCcxHoft 
^opMyjie ccJiepHHecKOH xpHroHOMexpHii [ 0 . 17 ] 


rioaxoMy 


sin T' == sin a sin 7 . 




(3 sin^ U'Sln^ 7 




AaAHM f' npHpaiACHHe Ar, a u u y MCHHXb He SyACM. Tor- 

^ 0 , a t/i nojiyHHx npHpaiueHHe At/i. 


Aa Al — 

Ar, At] — 

= 

n03X0My 


dU 


~ dl 

xo ecxb 




lim 

Ar->0 


Ar 


dU, 

dr 


y 



3 

2 



(3 sin^ u sin^ y 




flaAHM BejiHHHHe u Majioe npHpaiueHHe Ai/, a r h y saKpe- 

HHM. ToPAa ^ H ^ He HSMeHHxcH, a T] HOJiyHHX npHpameHne, 
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paBHoe r-Ai/; Ui uonynm npHpameHHe FIosTOMy 


O. 


2 


dU^ 

5ri 


lim 

Ari->0 


^U^ 

At] 


lim 

Au->Q 


A^i 

rAu 


1 at/i 

^ (5a ’ 


r 


TO eCTb 




3 


2 


2 


a:/? 


2 




4 


sin 2a sin^ v. 


( 7 ) 


npH noMomn HecKOJibKO fiojiee c;io>KHbix BbiKna^OK mo>kho 


noKasaTb, mo 


(D 


3 


s J KRl . . . 

Jc —r- Sin u sin 2 y. 


2 




( 8 ) 


riojiyqHM xenepb (b nepBOM npH 6 .iH>KeHHH) CKopocib hsme- 
HeHHH sjieMeHTOB op 6 HTbi cnyxHHKa B npeAnojio>KeHHH, qxo 

ocKyjiHpyfoiAaq op 6 Hxa — s.imnc. HaqHeM c AO.iroxbi boc- 
xoA^LUero ysjia 06 o 3 HaqHM qepes dhljdN HSMeHeHHe na- 
paMexpa U sa oahh o 6 opox cnyxHHKa, xo ecxb ox xoro MOMenxa, 
Kor^a a ^ 0 , AO xoro MOMeHxa, KorAa u 2 n: 



Ho B CHJiy (8) li ( 8 . 1 . 46 ) 


ddl 

du 


o 

u 


r^Fsina 3 . KRa ■ ■ o 

77-^— • -?r 79 - 4- sin u sin 2 y 

Kp smy 2 r 


3J 


Rlr 


P 


2 


COS 7 sin^ a [I + 8 cos (u 




ripoHHxerpHpycM axo Bbipa}KeHHe no a ox 0 ao 2n:. Hpn 

3 X 0 M MO>KIIO B OCpBOM npH6.aH>KeHHH OpHHHXb, nxO F c::: I II 

qxo B xenenne oahofo oSopoxa mo>kho cniixaxb p, co n 7 nocxonn- 

HblMH. 





COS 7 pad!o 6 



cos 7 epad!o 6 . 
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CoBepmeHHO anajiorHHHO mo>kho hs (7), (8) \i (8.1.50) no- 

nynHTb! 



I) pad/o6 



1 ) apad/o6. 



Mto KacaeTCH jipyrnx s.ieMeHTOB opOnibi cnyinnKa (p, e, 

7, x), TO OHH Moryx H3-3a cnjiK)CHyTOCTH njianeTbi ncnbiTbiBaTb 

AOBOJibHO 3 HannTejTbHbie nepaodmecme H 3 MeHeHnn. O^naKO 

OKonnaTcnbHbie piaMeneHnn 3 thx sjieivieHTOB opOnibi 3a oahh 
nojiHbiH o6opOT 6yAyT BecbMa Ma.TbiMn n hmh mo>kho b nepBOM 

ripH6jTn>KeHHH npeneSpenb. 

OopMyjibi (10) H (II) HHOEAa aanpicbiBaiOT b hhom bhag, 
yAoOnoM B cjiynae Majioro SKCueHTpHCHTexa e. Hycxh 3KBa- 
xopnajibHbiH paAHyc njianexhi {R^) n Oojibuian no.xyocb op- 
Onxbi cnyxHHKa {a) HBMepnfoxcH b km, a rpaBHxaunoHHbin na- 
paMexp K HMeex paaiviepHOcxb km^Icck^-, xoxAa nepnoA o6pa- 

meHHn cnyxHHKa (T) cocxaBJinex 2 nd’-^iVK ceK. 

no3xoMy B cpeAHEM 3a OAHy cexynAy <-l H3MeHHxcn iia 


Bejinnuny 



xo ecxb na 





cos 7 pad. 



(3Aecb cyxKH noHHMafoxcn nax acMHbie cpcAHne cojinenHbie 

cyxKH). 

Zl.xn opOnx cnyxHHKOB SeM.xn, HMepomnx OKCueHxpncHxex 

8 <C 0,1, Mo>KHO aaMCHHXb (})opMyAy (13) 6o.xee npocxoft, ecnK 
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yqecTb, HTO /2 “ — 1082,8-10“^, K = 398 600 km^/cck^, 
= 6378 km: 



AHaJIDPH^HblM oSpaSOM MO}KHO yOpOCTHTb (})opMy.iy (II): 

ymoByio CKopocTb oi) ABH>KeHHH nepHuenipa cnyxHHKa mojkho 
B biqHCJiHTb no cjieAyfomeft npH6jiH>KeHHOH (|)0pMyjie: 




Hs (|)opMyji (10), (12) bhaho, nxo OKaine njianeibi Bbisbi- 

Baei Bpaiuenne BOCxoAHiuero ysjia opSnTbi b HanpaBjiennH, 
npOTHBonojio>KHOM HanpaBJieHHK) BpamennH cnyxHHKa. B xe- 

nenne neSojibuinx npoMe>KyTKOB BpeMenn (b cjiynae 6jih3khx 

cnyxHHKOB SeMJiH—AO necKOJibKHX cyxoK) axo BpaiAenne 
MO>KHO cnnxaxb paBHOMepHbiM. 

3x0 Bpaiuenne nponcxoAHX xeM Sbicxpee, neM Menbuie na- 

KnoH njiocKOCxH opSnxbi k ojiockocxh SKBaxopa. JXji^ cnyxnn- • 
Ka, npoxoAnmero qepes o6a nojifoca njianexbi, BOcxoAniAnfi 
yse.i, a BMecxe c hhm h bch njiocKOcxb opSnxbi npaKxnnecKH 
ne BpaiuafoxcH BOKpyr och njianexbi. JXji^ cnyxnnKOB, 6 jih 3- 
KHX K SKBaxopnajibHbiM, 3X0 Bpaiuenne nponcxoAHx nanSojiee 
6bicxpo; a-hh nonxH SKBaxopnaJibHoro cnyxHHKa Seivuin axa 

CKOpOCXb MO>KeX COCXaBHXb OKOAO 9 ° B CyXKH. JXji^ nepBblX 

COBCXCKHX cnyxHHKOB 3eMJiH njiocKOCxb op6HXbi Bpau;ajiacb 

BOKpyr OCH ScMJIH npHMCpHO CO CKOpOCXbfO 4° B CyXKH. 

OopMyjibi (11) H (15) noKaabiBaiox, hxo nepnuenxp cnyx¬ 
HHKa, a BMecxe c hhm h ocb opSnxbi cnyxHHKa Bpau^afoxcn b 
n.iocKOCXH opdnxbi npaKxnnecKH paBHOMepHO. 3xo Bpau;eHHe 
6yAex nponcxoAHXb b xom >Ke HanpaBJieHnn, hxo h ABHJKenne 

cnyxHHKa, ec.xH 5 cos^ y — 1 > 0, xo ecxb y 63,4°, n b 

npoxHBonojio>KHOM HanpaBJieHHH, ecjin y > 63,4°. Opn Kpn- 

XHHecKOM 3HaHeHHH y ^ 63,4° nepnuenxp npaKxnnecKH Bpa- 
lUaxbCH He 6yAex. Ecjih y 6 jih3ko k 63,4° (a^th nepBbix coBex- 
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CKHX cnyTHHKOB SeMjiii y 65°), to nepHuenip 6yAeT noBO- 
pa^HBaTbCH MeAJieHHO. HanpHMep, npH y = 65° nepHuenip 
6yAeT nepeMeiuaibCH npOTHB ABH^KeHHH cnyxHHKa co cko- 

pocTbK) 0,4° 3a cyTKH. B cjiyqae cnyxHHKOB, y KOTOpbix opSHTbi 

♦ 

6jIH3KH K njIOCKOCTH SKBaXOpa, BeJIHHHHa co MOJKOT AOCTHPaTb 

17° 3a cyTKH. B oSpaTHOM nanpaBJicHUH npe;],ejibHoe bo3mo}k- 

HOC anaHCHHe co cocTaBJincT npHMepHO — 4,5° 3a cyTKH (npH 
y = 90°). TaKan KapTHHa HMejia mccto, HanpHMep, j\ji^ aMepn- 
KancKoro nojinpHoro cnyTHHKa «XtHCKaBepep-2» (7 = 89,9°, 

p I Rs = 1,046, 03 = —4,3 epadicym). 

Ha c|)opMyji (10) h (11) bhaho, hto hcm Sojibuie cpe^nee pac- 

CTOHHHe (a) cnyTHHKa ot ueHTpa njianeTbi, tcm MeHbuie ddl/dN 

H ddy/dNj TO ecTb tom MeAJiennee Sy^yT BpamaTbCH njiocKocTb 

opOnTbi H SojibHian nonyocb opSnTbi. Hajin^ne b c|)opMy.;Tax 

• • 

(12) H (15) coMHO>KHTejiH (RJa)'^^ HOKaabiBaeT, hto U h co 

6 biCTpo y 6 biBaK)T npn yBejinnennH cpeAHero paccTOHHHH cnyT¬ 
HHKa OT ueHTpa HjianeTbi. 


EcJIH BOCnOJIb30BaTbCH paBeHCTBOM a 
H npH6jIH>KeHHOH c|)OpMyjIOH 


R 


1 


2 


r(//a 







3,5 


1 


3,5a:, Bep- 

HOH A-HH MaJIbIX a:, to A-HH HH 3 KOJieTHU;HX cnyTHHKOB SeMJIH 

M03KHO H3 (14) H (16) Ho.iyHHTb TaKHC c|)opMyjibi: 



CO 







cos y epadlcyrtiy 



1) apad/cym. 





✓ 


npHBCAeHHbie Bbime c})opMyjibi (10) n (11) noKa3biBaK)T, hto 

OKaTHe HjianeTbi npiiBOAHT k anaHHTejibHbiM H3MeHeHHHM 
noAOMenuH opSnTbi 6.iH3Koro cnyTHHKa njiancTbi; OAHaKO 

OKaTHe npaKtnuHecKu ne cKasbieaemcn na (popue a pasmepax 

op6umbL 

Hto KacaeTCH s.ieMeHTOB opSnTbi 7 , p, 8, t, to a-hh 

BbIHCHeHHH CKOpOCTH HX H3MeHeHHH 3a Ka>KAbIH oSopOT Heo6- 
XOAHMO BOCnOJIb30BaTbCH 6oJiee TOHHbIMH c})OpMyjiaMH 

HOTeHuna.ia njianeTbi; stopo mo>kho AOCTHPHyTb, HanpHMep, 
ocTaBJiHH B c})opMyjie (1.3.5) eu;e oahh h^ih necKOjibKO HJienoB, 

KpoMe nepBbix AByx. HoApoCnoe nccjieAOBanne noKaabiBaeT, 
HTO HaKjiOHenne opSnTbi npeTepneBaeT b neKOTOpbix cjiynanx 
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xoTb H He 6 ojibiiiHe, ho Bnojine saMeiHbie HSMeHeHHH; b naci- 

HOCTH, JlJin BTOporO COBeTCKOEO HCKyCCTBeHHOEO COyTHHKa 

SeMjiH y yMeHbmajiocb b HOH 6 pe 1957 ro^a e>KecyToqHO npHMep- 
HO Ha 0 , 002 °. Hcnojibsyn 6 ojiee Toqnbie 4 )OpMyjibi jxjiti ho- 

TeHUHa.ia HJianeTbi, mo^kho TaK}Ke;^eTa.ribHeeH 3 yqHTb HSMenenne 

t • 

BejIHHHH U H ( 0 . 

Sa^aHH 

1. OpdHTa aMepHKancKoro cnyiHHKa SeM.iii «ABaHrapA-l», 3an\'iueH- 
iioro B MapTe 1958 ro^a, 6biJia HaKJioHeHa k baockocth sKBaiopa boa yr- 
;ioM 34,3°. Ero MummaJibuaH Bbicoia cocTaBdfijia 660 km, a MaKCBi\iajib- 
Han — 2)970 KM. ApryAieHT nepHren b noJi^GHb 17 Mapia 1958 ro^a 6biJi pa- 
BCH 129°. y^HTbiBan h 3 ^aKTopoB, B03Myii;aK)inHx /[BH>KeHHe cnyTHHKa, 
.THLUb OKaTHe SeMAH, /i^aHie npornoa, KaKHi\i npHMepHo jxo.T/Keu 6bLi oKa- 
aaibCB apryMGHT nepuren 12 Mapia 1959 ro^a. 

2 . Cpe/i,HBH Bbicoia cnyTiiHKa iiajx noBepxHocTbio Sgmjih paBHa 500 km; 
opOHia HaKJioneHa k njiocKociH sKBaiopa boa yrJioM b 45 °. OBpeAGBHTe 
cKopocTb BpaineHHH B.TOCKOCTH opOHTbi B cKopocTb Bpau^enBH BepHreH. 

3. AMepiIKaHCKBB CByTHHK «3KCBJIOpep-7» (1959) HMGB B OKTHOpe — 

HonOpe 1959 ro^a cjieAyioinHe sJieMenTbi opOnTbi: a 7200 km, ^ = 0,038, 

y — 50,33°. noACBHTaHTe, KaKHMH ObiJiH (b cpe^HeM) b TeqeHBe SToro Bpe- 

# • 

I\ieHH y B ( 0 . 

4. B TeBGHBe BepBbix ^Byx MecHueB Boc.ie aaBycxa Bioporo coBeiCKoro 
ByTHBKa (1957 ro^) ero opOBia BMeJia CBeAyiou;Be sJieMeHTbi: 

1,13, 8=0,09, 7=65,3°. 

C KaKOB ymoBOB CKopocibio Bpamajiacb b leMCHBesToro BpeMGHB BJiocKocTb 
opOuTbi CByiHBKa BOKpyr aeMHOB ocb? KaxoBa 6 hiJia cpe/^BBB yrjioBaB cko- 
pocTb BpaineBBH BepBren opOnibi? 

§ 3. BJIM^HME COnPOTHBJlEHM^I ATMOC<I)EPbI 3EMJ1H 
HA /IBM>KEHHE CHYTHHKA 

1 . ZXBH>KeHHe cnyTHHxa SeM.nn nponcxoAHT b tbkhx o 6 .ia- 

CTHX HpOCTpaHCTBa, TJie HJIOTHOCTb CpOAbl B MH.lJIHapAbl pa3 
MeHbUie HJIOTHOCTH aTMOC 4 )epbI y HOBepXHOCTH SeM.TH. Tax, 

HanpHMep, njiOTHOCib aTMOc 4 )epbi na Bbicoie 240 km MeHbme 
HJIOTHOCTH aTMoc(f)epbi Ha ypoBHC Mopq B 10 ^® pa 3 , a na BbicoTC 
360 KM — B 10 ^^ pa 3 . OAHaKO A-TtHTCJlbHOe TOpMO>KeHHe HH 3 KO 
.TCTHLAero cnyTHHKa b paspe^CHHofl aTMOC(f)epe hphboaht k 

HOCTOHHHO HaKaHJIHBafOmHMCH H3MeHeHHHM HCKOTOpblX Hapa- 
MCTpOB ero OpGHTbl. 
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B 3 T 0 M naparpa(j)e mbi usymiu ABH^KeHHe cnyiHHKa no;; 
;;encTBHeM AByx cnn: npnTH>KeHHn ccpepmecKou njianeibi n 

conpoTHBJiennn aTMOC(j)epbi; OKameM njianeibi 6 yAeM npe- 
He 6 peraTb. 

riycTb cnyiHHK nMeeT Maccy m; nycTb nandojibmee ns ero 
cenennii, nepnenAHKyjinpnbix k nanpaBJiannio ABH>KeHHn 
cnyiHHKa (laK nasbiBaeivioe mhaojibbo cenenne), nMeeT njio- 
ma^b s; CKopocTb cnyinnKa o6o3HannM nepes v, a njiOTHOCTb 

aTMOc4)epbi —nepes p. Tor;;a Bejinqnna cnjibi /?, c Koiopon 

aTMOC(|)epa lopMOsni cnyinnK, MO>KeT 6biTb Bbinncjiena no 

cjieAyiom^en 4)opMyjie Hbioiona: 




c^sov^, 



r^e Cx — K034)4)nuneHT a3poOTHaMnnecKoro conpornBJiennn. 
HanpaBJienne cnjibi R npOTnBonojio>KHO Beniopy CKopocin 
cnyrnnKa. 

BbisbiBaeMoe cnjion R ycKopenne nMeex Bejinnnny 








TO eCTb 



1^ 

2 



s 

m 



Tan KaK 
(cm. § 1), TO 





rijiOTHOCTb aTMOc4)epbi p MenncTcn c nsMcnenneM BbicoTbi y 
cnyTHnna: p = p {y). B nenoTopbix pa6oTax npnnnMaiOT cjie- 
Aytom^yio npn6jin>KeHHyK) (j)opMyjiy ;;jin p {y)\ 







r^e Pi = const, a KOHCTanra x, a, k, y^ BbidnpaiOTcn b saBn 
cnMOCTn OT ;;nana30Ha BbicoT cnyTHnna. 
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Hs 4)opMy;i (2), (8.1.46) h (8.1.47) cjieAyex, mo 


H 


da 


du 


0 


0, TO ecTb 


Po 


p 


const, y 


Yo 


const. 


(4) 


TaKHM o6pa30M, conpoTHBJienHe aTMOc4)epbi ne npHBOAHT 
K HSMeneHHK) nojio^KeHHH njiocKOCTH opdiiTbi cnyiHHKa. 


Ecjih yqecTb 4)opMyjibi (2), (8.1.48) 


(8.1.50), TO MO>KHO 


4)opMyjibi j\ji9{ p, e, (0 npHBecTH k BH^y [8.11] 


dp 

du 

de 

du 

diii 

du 


6pcp (p, 8, ( 0 , u). 


(5) 


Spij) (p, 8, ( 0 , u), 


( 6 ) 


6px (p, e, CO, u), 


(7) 


rae 




r I 


A 


(1 


— 28 cos 0 

+ 8 COS 0)^ 




p "j/ 1 + 28 cos 0 


(1 


8 COS 0) 


X 


p sin 0 K 1 

2^ 


28 cos 0 

8 COS 0) 


6 = 


= c 


in ’ 


0 


u 


CO 


JXji9{ Toro MToSbi HsOe^aTb pemcHHB otoh rpoMOSAKofi ch- 

CTCMbl HeJlHHCHHblX An(t>(f>epeHUHa.lbHblX ypaBHCHHH, npHMC- 
H^IOT MCTOA ycpeAHCHHH, C KOTOpbIM MbI y>Ke CTOJlKHyjlIICb B 

upejxwjiyuxeu naparpa4)e. ototo BbiMHC.T5iK)T cpcAHHc hsmc- 

HCHHB Ap, As, Aco OnCMCHTOB p, 8, CO 3a OAHH nOJIHblH oOopOT 

cnyTHHKa, to ecTb npn HOMCHeHHH a ot 0 ao 2jx: 


o- 


2:1: 


Ap 


•J 

6 ^ p(p (p, 8, CO, u)du, 


As 


6 


p^^du 


y 




Aco 


d\ pxdu 


( 8 ) 
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ripH BbITOCJieHHH TKe 3THX HHXerpaJIOB paCCMarpHBaiOT BejIH- 

qHHbi p, e, (0 KaK nocxoHHHbie, h6o ohh sa oahh o6opox Ma.xo 
HSMeHHioxcH. Mo}kho noKasaxb, qxo npu xaKHX npeAnojio>Ke- 
HHHX A(o = 0. 3x0 snaqHx, qxo nocxoHHHO naKanjiHBaioLmiMH- 

CH HSMeHOHHHMH (BOKOBblMH BOSMyiUeHHHMH) BejIHqHHbl CO 

AonycxHMO b nepBOM npH6jiH>KeHHH npeHe6peqb; Hnaqe roBO- 

pH, MO}KHO CMHXaXb, 4X0 (0 = (Oq = COHst. BblMHCJIMB npH 

xaKOM npe^nojio^KeHHH BejiHqHHbi Ap u Ae, mh HaH^eM cpe^Hee 
HSMeHCHHe sjieMOHxoB p H e sa o^h o6opox cnyxHHKa. 

He sa^epjKHBaqcb na o6cxoqxeJibHOM HSjio^KeHHii HOBen- 

iiJHX pesyjibxaxoB, oxhochiuhxch k bjihhhhk) axMOC(|)epbi h 
A pyrHX 4)aKxopoB Ha ABH^Kenne KOCMHHecKoro annapaxa, pac- 

CMOxpHM 3;;ecb eme ^Ba jiK)6onbixHbix qacxHbix pesy.nbxaxa 
(npH Hx H3jio>KeHHH Mbi HO 6y;;eM cxpeMHXbCH k 6ojibmoH 

cxporocxH). 

2. «n a p a A 0 K c c n y x h h k a». B OKXH6pe 1957 ro^a 

BMecxe c nepBbiM cnyxHHKOM 6bijia BbiBe^ena na OKOjioseMHyio 
opdnxy h ero paKexa-HOCHxejib. Bnaqajie opdnxbi sxhx AByx 
xe.x Majio oxjiHHajiHCb APyr ox Apyra h 6biJiH sjuinncaMH Ma^no- 
ro SKcuenxpHCHxexa e 0,05. PaKexa-HOCHxecXb, Koxopan 
6bijia SHaHHxejibHO Oojibme no pasMepaivi, qeM cnyxHHK, hc- 
HbixbiBajia H SHaqHxejibHO 6ojibmee xopMo^xenHe. Ecxecxsenno 
BOSHHKaex Bonpoc: Kanoe H3 3xhx AByx xeji aoji>kho ObiJio abh- 
raxbCH MeAJieHHee — cnyxnnK hjih paKexa-nocHxejib? C nep- 
Boro BsrjiHAB oxBex naxcexcn oqeBHAHbiM; xo xejio, Koxopoe 
CHJibnee xopMOSHxcn axMOC(j)epoH, xo ecxb paKexa-nocHxe.ib. 
B ABHCXBHxejibHOcxH }Ke 3X0X oxBex omnOoqen! Ha caMOM jxejie 
panexa-HOCHxejib snaqHxejibHO onepe^Kajia cnyxHHK h no ko- 
nnqecxBy o6opoxoB Bonpyr SeMjin, n no KOJinqecxny npoHAon- 

HblX KHJIOMexpOB. 

npHBeAeHHbin nn^Ke npocxon pacqex (cm. [8.21], [8.22]) 
noKasbiBaex, KannM o6pa30M CKasbiBaexcn B.innnne conpo- 
xnB.nennH axMOc4)epbi na ABH^Kenne cnyxnnKa, sanyLuennoro 
Ha KpyroByio hjih hohxh npyroByio opOnxy Bonpyr SeMjiii. 
Hycxb cnyxHHK P (pnc. 8.2) BbiBeAen na npyroByio opOnxy 

BOKpyr SeMjiH (A — uenxp SeMjin). Bc.iCACXBne xopMoxcennH 

axMOc4)epoH cnyxHHK nannex CHHHcaxbcn h ho no.ioron cnn- 
pajieBHAHOH KpHBOH OyACX BXOAHXb B Oojiee riJioxHbie c.ion 
axMOcij^epbi. Hycxb ABH^Kenne cnyxHHKa nponcxoAHx b hcko- 

XOpOH HJIOCKOCXH p. GhB COACp^KHX XOHKy A H BCKXOp V CKO- 

pocxH cnyxHHKa. 
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B njiocKOCTPi p Bbi6epeM np^Moyrojibnyio CHCTeMy Koop- 

jxmaT Axy c uemajiou b uenipe SeMjiH A (pHC. 8.2). By^eM 

CMOipeib KBK Ha njiocKOCTb KOMHjieKCHoro nepeMeHHoro 

A + iy. riycTb paAHyc-BeKTop AP b momcht t o6pa3yeT 


Ha 



2 


c ocbK) Ax yro.i (p; 


PF 


V, 



APN 


D 


Zl 

2 


y 



NPF 


a. 


cujia TOpMO>KeHHH cnyxHHKa aiMOccbepOH, D 


D 


y 



w 

w 


CH.ia THEOTeHHH CHyiHHKa K UCHTpy SeMJIH, TaK HTO 


w 


[Mm.'r, M — Macca SeMjiH , m 


Macca cnyTHH- 


Ka, r -= AP. Cnjia D HanpaBJiena npoTHBonojio^HO BeKTopy 


— > 

CKopocTHacHJiaic; — BeKiopy v 
CorjiacHO BiopoMy saKony HbiOTona 


V 


w+ D = 




nepeHHLueM 3 to paBenciBO b KOMnjieKCHOH (JiopMe. JXjisi stopo 

SaMeiHM *), HTO 




( 10 ) 

( 11 ) 


HanOMHHM, HTOeC.TH HeKOTOpblH BCKTOp HMeCT p H HaKJIOHeH 

K ocii Ax no;; yrJioM 0, to oh H 3 o 6 pa>KaeTCH KOMnJieKciibiM mhc.hom, hmoio- 
UXHM Tanyio sanHCb b noKasaxeJibHOH cjoopMe: 


2 = 



§ 3] 


COnPOTHBJlEHHM ATMOCOEPbl 3EMJ1H 


289 


riosTOMy ypaBHCHHe (9) npHHHMaer bha 


+ De 


i (cp+a_ " ) 


m [v 


# 

iv (q) 


a)] e 




9 


HJTH inocjie yMHO^KeHHH Ha e 


i (<(>+“+•y)\ 


we 


‘ (■ ^ v) 


D 


m Iv 


# 

iv (q) 


# 

a)l, 


( 12 ) 


HTO paBHOCHJTbHO ^ByM Beil],eCTBeHHbIM paBenCTBaM 


w sino: 


D 


mv, 


w cos a 


# • 

mv (q) + a). 


(13) 

(14) 


BbipajHM mv TOjibKO Hepes w w a, Hcnojibsyn paBencTBO 


(14). fljiH SToro saMeiHM, hto 


V 


d 

Jt 


{re^) 


m • 

(r + ir^) 


OxciOAa H H3 (10) cjie^yex, hto 

i (a + —) 

\ ^ 9 / 


r 


trq); 


no3TOMy 


V sin a 


r, 


V cos a 




(15) 

(16) 


TO eCTb 


9 


V cos a 

r 


(17) 


OneBHAHO, HTO 


a 


da • 


dcp 


9 


OosTOMy H3 (14) nojiyHHM: 


/ 


Mm 


cos a 


mv^ cos a / da 

r V~^d^ 


(18) 


rioKa conpOTHBJieHHe aTMoc(|)epbi ne oncHb bcjihko, mojkho 

CHHTaib, HTO a MCHHeiCH MCAJiCHHO npH Bpaii;eHHH CnyXHHKa 


19 M. B. BajiK 
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IrJl. VlH 


BOKpyr SeMjiH, to ecTb ;;onycTHMO npeHe6peqb 
daldcp. JoTjxa h3 (18) nojiyqHM npH6jiH}KeHHoe paBencTBO 

(19) 


Hcnojibsyn (15) h (19), mo^kom HanHcaib: 


mv 


dv • 
m r 


dr 


dv , 


V sin a) 


m . d (v^) 
sina - 


2 


dr 


m . d 
sin a 


2 


dr 



M 

r 


TO eCTb 


1 


mv 


2 


w sm a 


Tenepb h 3 paBencTBa (13) cjia^yeT: 


1 


2 


w sin a 


D. 


HJIH 


Sin a 


2 


D 


w 


w 

2 


sin a, 



( 21 ) 

( 22 ) 


3Ty 4)opMyjiy mm necKOJibKO ynpocTHM. Bee P cnyTHHKa 


paBen / 


Mm 

~W 


r^e R 


pa^nyc SeMjin. Ecjth cnyTHHK ;;BHHceTCH 


na He6ojibmoH bmcoto (nopn^Ka 200-—400 km), to mo>kho 


JXJin npHKHAOK CHHTaTb, ^TO 1 (nOPpeiUHOCTb He npeB30H- 

jxeT 12%), H nosTOMy ;;onycTHMO CHHTaTb paBHMM Becy cnyT¬ 
HHKa. Yroji CHH>KeHHH cnyTHHKa a 6y;;eT Maji (ecjiH OTBJienbCH 

OT HOCJie^HHX BHTKOB, OnHCblBaCMblX CHyTHHKOM HCpCA Ha^C- 

HHCM Ha SeMjiio), TaK HTO ;;onycTHMO CHHTaTb sin a = a (a — b 

pa^Hanax!). FIosTOMy h3 (22) BbiTCKaeT Taxan nojicanan j^jih 
opHeHTHpoBOHHbix HpHKHAOK npHOjiH^KCHHaH (JiopMyjia: 



TO ecTb usMepeHHbiu e paduanax yaoA a cHUMenuH enymnuKa, 
deuMyw^aocR no nonmu Kpyaoeoii opdume, npuMepno edeoe 
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6oAbiue omnoLueHUH artiMOccpepHoao mopMOMenuH cnymnuKa k 

eao eecy, 

Hs (13) H (21) bhaho, hto 

mv = D. (24) 

OocjieAHHH (|)opMyjia h Bbipa>KaeT mapadoKc cnymHUKa»: 
BcAedcmeue mopMOMenuH amMOC(pepou AUHeunan cKopocmb 
cnymnuKa, deuoicyiyeaocH no op6ume, 6 au3K0u k Kpyaoeou, 
eo3pacmaem\ ycKopenue e nanpaeAenuu deuMenuH 0Ka3bieciemcH 
muKUM Me, KUKUM 6bi OHO 6bLA0, ecAu 6bi cuAU AodoBoao conpo- 
mueAenuH u3MeHUAa ceoe nanpasAenue na npomueonoAOMHoe 

u moAKUAa 6bi cnymnuK eneped. 

OxcioAa, B qacTHOCTH, cjieAyex, qxo hs AByx cnyxHHKOB, sa- 

nymeHHbix na o^y h xy >Ke KpyroByio op6Hxy, 6bicxpee 
6yAex ABHPaxbCH xox, Koxopbift HcnuxbiBaex 6ojibiuee xopMO- 

HceHHe. 

SaMexHM, qxo nocAe exoMdenun cnymnuKa e nAomnbie caou 
ammoccpepbi (npHMepHO na Bbicoxe nopn/^Ka 120—100 km) yroji 
a CHH}KeHHH cnyxHHKa pacxex BecbMa 6bicxpo h y>Ke He;;ony- 
cxHMO npeneOpe^b npoHBROAHOH da/dip, Kax Mbi ;;ejiajiH b npe- 
Abi;;yii],eM pac^exe. IlpH onycKaHHH cnyxHHxa HH>Ke 100—120 
ero ABH>KeHHe pesKO oT.jTHqaexcB ox na Bbicoxax 

nopHAKa 170—200 km h Bbime. Hs-sa CHJibHoro xopMO^xeHHH 

cnyxHHK Ha^HHaex 6bicxpo cnycKaxbCB b 6ojiee njioxHbie cjioh 

axMOC(j)epbi. npH 3X0M CKOpocxb noBOpoxa q) paAHyca-Bexxopa 

— > 

AP cnyxHHKa HeBejiHxa (no cpaBHennio c a), n Mbi nojiynnivi 
Aocxaxonno npaBHJTbHyio Kanecxaennyio xapxnny, ecjin b 

AajibHeniiiHX paccy>KAeHnHX npeHe6pe>KeM BejinnHHon (p. Tor- 

Aa (|)OpMyjia (14) npHMex bha 


xo ecxb 


w cos oc = mva , 



w 1 

-cos a. 

m V 



Ha Bbicoxax HH>Ke 100 km AonycxHMO BejinnnHy wim cnnxaxb 

paBHon ycKOpeHHK) cnjibi xH>Kecxn na noBcpxnocxH SeMjrn {g), 

xax nxo (25) mojkho nepenncaxb xax: 

— # = ( 26 ) 

COS a at V 


19 * 
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riycTb LhLk — Ayra, no Koxopon cnyxHHK na^aer na 
SeujiK) (Ln — nanajio j^yru — npeAnojiaraexcH Bbi 6 paHHbiM na 

Bbicoxe AO 100—120 km^ Lk — xonna naAOHnn na SeMJiio). Hh- 
xerpnpyn ypaBnenne (26), HaftAeM 



XAe /,i, a„ H 4, cck oxhocbxcb cooxBexcxBenno k xonKaML„ n Lk. 

Hs (27) cjieAyex, nxo 



PAe Vcp — CKOpocxb cnyxHHKa b KaKOM-xo npoMejKyxonnoM 

nojiojKeHHH na Ay re LhLk. 

Mo}kho noKasaxb (n oxo noATBep>KAaexcH onbixoM), nxo 
cnyxHHK naAaex na SeMJiio co cpaBnnxejibno He6ojibiuon cko- 
pocxbK), Koxopan no Menbuien Mepe b necKOjibKO AecnxKOB pas 
Menbine ero CKopocxn na nocjieAnnx BHXKax Boxpyr Seivuin. 
Bejinnnna Vcp xoHce cpaBnnxejibno neBejinna, a Bejinnnna 

~ ( 4 — 4 ) ^ 1- 3 to snannx, nxo yroA y osk + ^ 6 jih 30 k k 

3X 3T; 

y , a cjieAOBaxejibno, n yroji 6 jih3ok k y (paAnan). HnbiMn 

cjTOBaMH, cnyxnnK naAaex na SeMjiio nonxn oxBecno (b aohcx- 
BnxejTbHOcxn — noA yrjiOM 60—80° k ropnsonxy). 

He saAepjKHBancb na noApo6HOM paccMOxpennn op6nx 
doAbtuoao SKCuenxpHCHXexa, oxMexnM xojibKO, nxo b 3 xom cjiy- 
nae cnn^cenne cnyxnnKa nponcxoAHx nonxn ncKJiionnxejibno 
sa cnex xopMO^Kennn b panone nepnren, npnneM cnn^nenne 
nepnren nponcxoAnx snannxejibno MeAJiennee, neM CHn>KeHHe 

anoren. HanpnMep, ecjin nocjie sanycna La = 700 KMy 
hrz = 300 KM, xo nonn^Kenne anoren na 100 km cooxnexcxByex 
cnH>KeHnio nepnren jiniiib na 6 km (cm. [8.11]). C xenenneM npe- 
Menn BCJieACXBne xopMO>KennH b axMOC^iepe SKcuenxpncnxeT 
op6nxbi cnyxnnna 6yAex y6biBaxb n cxanex npaKxnnecKn paB- 
HbiM nyjTK) B nocjieAnne cyxxn, npcAUiecxByioiAHe KpyxoMy 

naAennio cnyxnnna na SeMjiio. 
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3. «C p O K HC H 3 H H» C n y T H H K a. HCKyCCTBeH- 
Hbie cnyTHHKH SeMjiH, no^BepraHCb TopMO>KeHHK) b Bepxneft 
aTMOC(|)epe, c xeqeHHeM BpeMeHH onycKaiOTCH b 6ojiee njiOTHbie 
CJTOH BOSAyiUHoro OKeaHa h b KOHue kohuob cropaiOT hjih na- 
;;aK)T na SeMJiio. Flocjie sanycKa b CCCP nepBoro HCKyccTBen- 
Horo cnyxHHKa 6bijio ony6jiHKOBaHO 6ojibmoe ^hcjio Hccjie^o- 

BaHHH, B KOTOpbIX MSy^aeTCH B03M0>KH0CTb npeACKa3aHHH 

npoAOJiHCHTejibHOCTH cyiuecTBOBaHHH cnyiHHKa no ;;aHHbiM o 
ero op6HTe, H3BecTHbiM b nepBbie ;;hh ero nojiexa. 

Ha npo^oji^HxejibHOcxH hchbhh cnyxHHKa cxasbiBaioxcH 
MHorne ^aKxopbi. 3xo ne xojibKO conpoxHBjieHHe BepxHHX 
cjToeB axMOc4)epbi. 3xo xaK>Ke cnjnocnyxocxb SeMjiH, BpaiueHHe 
axMOC(|)epbi, AaBJieHHe cojine^Hbix jiyqeft, xHxoxeHHe cnyxHHKa 
K Jlyne h CojiHuy. Bjiaro^apn nocjie^HHM ;iByM 4)aKxopaM 
nepHreft op6HXbi cnyxHHxa coBepmaex nepHOAHMecKHe KOjie6a- 
HHH, H npH onycKaHHH nepHxeH b 6o.iee njioxHbie cjioh axMOc- 
(|)epbi HcnbixbiBaeMoe cnyxHHKOM xopMO>KeHHe yBejiHqHBaexcn, 

qxo npHBOAHx k coKpameHHio cpoKa ero musuw. Tax, nanpH- 
Mep, BCJieAcxBHe B03AeHCXBHH JlyHbi Bbicoxa nepHren aMepHKan- 
CKoro cnyxHHKa «3Kcnjiopep-6» Mennjiacb Ka^^we 3 Mecnua b 
npe^ejiax ox 250 jxo 160 km\ BCjie^cxBHe axoro cpoK >kh3hh 3xo- 
ro cnyxHHKa cocxaBHJi npHMepno 2 ro^a BMecxo 20 Jiex, koxo- 
pbie npocymecxBOBaji 6bi cnyxHHK, ecjiH 6bi B03;;eHCXBHe 
JlyHbi oxcyxcxBOBajio. 

CnjTiocHyxocxb SeMjiH npHBO^Hx k nepeMemeHHio nepHren 
op6HXbi cnyxHHKa 6e3 H3MeHeHHn paccxonHHH ox uenxpa 3eM- 
jiH. Ecjth, CKa^KCM, nepHreft nepeMecxnjicn ox nojinpnoft o6- 
jiacxH B SKBaxopnajibHyio, xo xenepb on 6jiH>Ke k no- 
BepxHOcxH 3eMJTH H, cjie;;0BaxejTbH0, OKaabiBaexcn b 6ojiee 

njioxHoft cpeAe, nxo jxojiyKuo cKaaaxbcn na cpoxe }kh3hh 


cnyxHHKa. 

Hxo KacaexcH caMoft axMOC(|)epbi, xo ee njioxnocxb b Ka- 
Koft-jinOo xoHKe aaBHcnx ne xojibko ox Bbicoxbi axoft xohkh naA 
ypoBHeMMOpn, ho h ox Apyrnx BecbMa pa3HOo6pa3Hbix (j)aKxo- 
pOB. Tax, nanpHMep, ona Mennexcn b xenenne cyxoK: cKa>KeM, 
Ha Bbicoxe 300 km njioxHOcxb axMOc4)epbi b nojiAenb nonxH 
BABoe 6ojibme, qeM b nojiHonb, ana Bbicoxe 1000 km — Be- 
poHXHO,. B 60 pa3 Oojibuie. FIjioxHOcxb Bepxneft axMOC(|)epbi 


saMexHO yBejiHHHBaexcn c ycHJieHiieM cojinenHOH aKXHBHOcxn. 

JXo CHX nop eme ne paspaOoxanbi AOcxaxoHHO coBepmeHHbie 


MOAejTH aeMHoft axMOC(j)epbi. OAHaKO HMeioiAnecn ceftnac 
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CBe;;eHHH o6 aTMOC(})epe nosBOjinioT jiarh 6ojiee hjih Menee 
yAOBJiexBopHTejibHbie npornosbi cpoKa jkhbhh cnyxHHKa. 

PaccKa>KeM 3;^ecb BKpaxixe jiHUib o6 o;;hom ynpoiuennoM 
npHEMe [8.23] xaKoro npornosHpoBaHHH, nojiesHOM ;;jih opnen- 
xnpoBOMHbix npHKH/^OK (cyiuecxByiox h 6ojiee xoMHbie Mexo;;bi, 
CM., nanpHMep, [8.11] h [8.16]). 

Mbi 6y;;eM npe^nojiaraxb, ^xo Scmjih h ee axMOC(})epa hmciox 
C(})epHMecKyio cxpyKxypy; njioxHOcxb axMOC(f)epbi 6y;;eM cmh- 
xaxb H3MeHHK)iueHCH no SKcnoHeniiHajibHOMy saKony, KaK 
3X0 odbiMHO ;;ejiaexcH b ynednHKax (|)H3hkh (BcnoMnnxe xaK 
HasbiBacMyio «6apoMexpHMecKyio (})0pMyjiy»): njioxnocxb p 
na Bbicoxe h uajx ypoBHCM Mopn onpeACJinexcH no (|)OpMyjie 

p = (29) 

(H H po — KOHCxanxbi). 

By;;eM nojiaraxb, nxo op6Hxa cnyxnnKa npe;;cxaBJiHex co- 
6 oh sjijiHnc nedojibuioro SKCixenxpncnxexa (0,02 < e < 0,2). 

TaKHMH 6bijin opOnxbi Mnornx cnyxnnKOB, sanyiuennbix b 

1957—1964 ro^ax. 

Bbime Mbi nojiynnjin (}) 0 pMyjibi dp/du n ds/du. CoBep- 
menno aHajiornnno mo>kho nojiynnxb cjicAyioiune (f)opMyjibi 
jxm dp/dQ H de/dQ: 

dp _ . 1 + 2s cos 0 + 8^ 

50 “ “ (1 + 8 cos 0)2 ’ 



riojibsyncb HSBecxHbiMH (|)0pMyjiaMH 




MO>KHO nocjie Hecjio>KHbix BbiKJia^OK nanxM snaneimH ajih npo 

H3Bo;;Hbix drJdQ n drJdQ: 
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ypaBHeHHe opdHTbi cnyxHHKa 




MO>KHO B CHJiy MajIOCTH 8 SaMeHHTb TaKHM! 

r = p {\ — 8 cos 0), (34) 

h6o 

(1 + 8 cos 0) (1 — 8 cos 0) = 1 — 8^ cos 0 :::::: 1. 

riycTb R —pa;;Hyc Scmjih, hj, u hoc — Bbicoxbi nepHren h 
anorcH op6HTbi cnyiHHKa Ha;^ noBepxHOcxbio Scmjih. Tan KaK 

r = R + h H npH 0 = 0 r = r~=R + h-, a npH 0 = Jt 

r = ra = + /ia, TO ypaBHCHHC (34) MO>KHO sanHcaxb xan: 

h = hn ^ c {\ — cos 0), (35) 

r^e 

c = T —/■„) = 4 = ea. (36) 

06o3HaHHM hJH Hcpea z, xaK hxo h,,^Hz. Hcnojibsyn y>Ke 

npHMCHHBUJHHCH HaMH npHCM yCpCAHCHHH, nO^CHHXaCM H3- 
MCHCHHC BCJIHHHH H 33 OAHH HOJlHblH o6opOX CnyXHHKa 

(xo ecxb npH HaMCHCHHH 0 ox —Jt jxo Jt); npH sxom b HauiCM yn- 

poiucHHOM pacHCxe Mbi B no;^biHxerpajibHOM Bbipa^KCHHH 

saMCHHM cyMMbi BH^a 1 + 8(p (0) qepea 1. B peayjibxaxe 

nojiyHHM 

rz 

Ar;x = HAz = — /I p (1 — cos 0) dQ, (37) 


Ac = — A ^ p cos QdO, (38) 

—n 

rjxe A — HCKOxopan nojio>KHxejibHaH KOHCxaHxa, a p onpe- 

AOJIHCXCH (|)opMyjiOH (29). 

ToHHOC BblHHCJlCHHC yKasaHHbIX HHXerpajlOB HCCKOJlbKO 

KponoxjiHBO H xpe6yex npHBJiCHCHHH xaK nasbiBacMbix 6ec- 
ccjiCBbix (f)yHKUHH. fljiH ynpoiucHHH pacMCxa BOcnojibsycMCH 

cjie^yioiUHMH coo6pa^eHHHMH. Tan KaK op6Hxa hc hbjihcxch 
K pyroBOH (8 +> 0,02), xo CHH>KeHHe cnyxHHKa npoHCXo;;HX rjiaB- 
HbiM o6pa30M 3a CHCX ero xopmo^chhh b paftoHC nepHren, r^e 
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njiOTHOCTb 6ojibme, qeM b Apyrnx lOMKax op6HTbi. 3 to sna^HT, 

^TO B HHxerpajie (37) mo}kho npe;;ejibi HHrerpHpOBaHHH saivie- 


HHTb Ha — a H a, r;;e a — Majioe nojiojKHxejibHoe hhcjio (na- 


npHMep, a 



npH 


a 



9 



a AonycxHMO Bocnojibso- 


BaXbCH HSBeCXHOH npH6jlH}KeHHOH (})OpMyjlOH 


cos 9 


1 


1 


2 


92 . 


(39) 


Hs (35) nojiyMHM 


h 


zH + ^ C02 


B pesyjibxaxe no^binxerpajibHoe Bbipa}KeHHe b (37) npHo6pe- 


o 


xaex xaKOH bh^: 


1 


1 


2 


9^a 


■ cBVH 

2 e~z 


OyHKUHH e 


c92 

' 2 H 


y6biBaex onenb 6bicxpo npH pocxe 9. 


rioaxoMy HHxerpaji ox 3 xoh (})yHKUHH b npe^ejiax ox —a jxoa ne 

6yAex CHjibHO oxjiHMaxbCH ox HHxerpajia ox xoh }Ke (|)yHKUHH b 

npe;;ejiax ox — oc ;;o oc. A npH BbiMHCJieHHH nocjieAHero 

HHxerpajia mohcho BOcnojibsoBaxbcn HSBecxHbiM xohca^cxbom 


00 


e 




dx 


Vn 


00 


BbinojiHCHHe 3 xhx BbiKjiaj^OK npHBej^ex k cjic^yioiueMy 


npH6jiHHceHHOMy paBCHcxBy 



1 


-^Po) 


00 


HAz 



1 


2 


c92_ 


1 


2 


3 


4 


Jt 


(c/2//) 


2 r 

e-^ 


00 


Pas^ejiHB HAz ua nepHo;i T o6pameHHfl cnyraHKa 


T 


Haft^eM Hdz/dt, a saxeM 

dt 


Vk 


dz 

~dt 


s 


Cx 


( 40 ) 


rae C 


2 


nojiojKHxe^ibHaa KOHCxaHxa. 
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AnajiorHMHO mo>kho BbmncjiHTb dcjdt: 




Hs nocjie;^HHX j^Byx ypaBnenHH HexpyAHO naHTH c KaK 

(f)yHKUHK) OT t. JXeHCTBHxejibHO, pas^ejiHB noMjieHHO (41) Ha 
(40), nojiyHHM: 


dc 

dz 


I 


2c, c 




C^c 


2 


yHHXbiBan (41), HaHAeM 

dc 


dt 


C,c-\ 


c 


C 



6 



1 / 


/ z 


9 


(42) 


FAG C3, C4, C5, Ce H ^ 


0 


KOHCXaHXbl, C 


6 



0 . 


ripH t 


t 


0 


c-^ 0, xo ecxb op6Hxa npndjiHHcaexcH k OKpy>KHOcxH. 

JXjih peajibHbix cnyxHHKOB, op6HXbi Koxopbix hmeiox nepH- 

reH Ha Bbicoxe nopnAKa 200—300 km h SKcuenxpHCHxex 
8 > 0,02, CHHHceHHe SKcueHxpHCHxexa ao 0,001 —0,002 npaKXH- 


HecKH coBnaAaex (c xoHHOcxbio ao OAHHX-AByx cyxoK) c mo- 
MenxoM HpeKpameHHH cymecxBOBaHHH cnyxHHKa. lloaxoMy 
MOMeHX 4 H MOH^HO 6e3 6ojibuiOH norpeuiHOcxH cHHxaxb momch- 
xoM HpeKpameHHH cymecxBOBaHHH cnyxHHKa. 

HaXOJKA^HHH MO>KHO BOCHOJlbSOBaXbCH xpeXbHM 3a- 

KOHOM KenAepa: 


J'2 


4jt^ 

X 


a 


3 


9 


OTKYAa 


2 


dT 

T 


3 


da 

a 


1 da 


a dt 


2 1 dT 

3 T dt 


(43) 


JlerKO noHHTb, qxo npH npHnarax naiwH AonymeHHax h 


O 


npH xoH XOHHOCXH, KOxopaH AonycxHMa b ashhom paccyn^Ae- 

HHH, MOH^HO CHHXaXb 


dc 


da 


dt dt 


( 44 ) 
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XtefiCTBHTeJlbHO, 



B TeMCHHe OAHoro o6opoTa cnyxHHKa CHH}KeHHe nepnreH bo 
MH oro pas MeHbuie cHH}KeHHH anoren, xaK mto 



a 3T0 paBHOCHJibHO (44). Hs (42) h (44) bhaho, qxo 



HJIH OKOH^axejlbHO 




(46) 

(47) 


3xH (})OpMyjIbI H n03B0JlHK)X BbIMHCJIHXb OCXaBUIHHCH CpOK 

^H3HH cnyxHHKa, ecjiH, noMHMO o6biMHO ny6jiHKyeMbix CBe^e- 

HHH o6 op6Hxe, HSBecxna eiue 6bicxpoxa yMenbiueHHH nepHOAa 

o6paiueHHH cnyxHHKa {—dT/dt). 

JJjIH CnyXHHKOB, MbH Op6HXbI y^OBJieXBOpHIOX Xpe6oBaHHHM: 


0,02 < 8 << 0,2 H 180 KM <^hn<^ 400 km, 


(|)opMyjibi (45) — (47) ;;aK)x npaBHJibUbiH oxBex c norpeiUHO- 
cxbK) nopHAKa 10%. 

OpHBe^eM npHMep: 9 HonOpn 1957 ro;;a nepHreft nepBoro 

HCKyccxBeHHoro cnyxHHKa naxoAHJicH na Bbicoxe 210 km, 
anoreH — na Bucoxe 810 km, Bbicxpoxa yMenbiiieHHH nepHO^a 
oOpaiueHHH cnyxHHKa cocxaBJiHJia 2,94 ceKyH^bi 3a cyxKH. 
JlerKO no;;cMHxaxb, mxo a == 6880 T == 5610 ceK. 

Ho (|)opMyjie (47) nojiyMHM 



HxaK, qepes 60 cyxoK nocjie 9 HonOpn, xo ecxb npHMepno 
8 HHBapn 1958 ro/ia, jxojiyKHO Obijio npeKpaxHXbcn cyiuecxBOBa- 
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HHe cnyTHHKa (b ;;eHCTBHTejibHOCTH cnyranK ynaji na SeMjiio 

4 HHBapH 1958 roAa). 

Otmcthm eiue, mto paccy^A^HHHMH, BecbMa cxoAHbiMH c 
panee npHBeAenHbiMH, mo>kho nojiyMHTb ;;pyryio (})OpMyjiy, 
BecbMa yAodnyio rpy6bix npHKHAOK [8.19]: ecjiH ha h 

hr. — BbicoTbi anoren h nepHren op6HTbi cnyxHHKa, —dha/dt — 
6bicTpoTa CHH}KeHHH anopeH (aa cyxKH), S — ocxaBUieecH 
BpeMH cyiuecxBOBaHHH cnyxHHKa (b cyxKax), xo 



npH xex me npej^nojio^enHHX, qxo h Bbime, oxBex, ;iaBaeMbiH 
(|)opMyjiOH (48), Mox^ex, no-BHAHMOMy, coAep}Kaxb norpeiUHOcxb 
nopHAKa25%. 

HanpHMep, ecjiH cemac jxjih KaKoro-HH6yAb cnyxHHKa 

ha = 600 KM, hr = 250 km h anoreft CHHx^aexcH na 3,5 km 

B cyxKH, xo ocxaBiUHHCH cpoK XCH3HH cnyxHHKa COCXaBAHeX 


npHMepHO 



SaAaHH 

1. riepHOA o6paii;eHH5i nepBoro coBeicKoro cnyTHHKa b Hanajie ok- 
THdpn 1957 ro^a cociaBJinji okojio 96 muh h ydbiBaJi npHMepHo na 3 ceK 

33 cyTKH. Ha CKOJibKo npHMepHo ySbiBaJia e^ecyTOMHo doJibman noJiyocb 

Op 6 HTbI? 

2. Ho ^aHHbiM, onydJiHKOBaHHbiM b nenaTH, 9 Hondpn 1957 ro;ia pa- 

KCTa-HocHTeJib nepBoro HCKyccTBCHHoro cnyTHHKa HMCJia nepHreft na 

BbicoTC 210 KM, a anorcH Ha bbicotc 695 km. CyTonnoe yMCHbrnenne ne- 
pHOAa o6pau;eHHn coCTaBJiHJio 6,3 ceK b cyTKH. JX'<^ine npornos BepoHTHoft 
^^aTbi na^^CHHH stoh paKCTbi Ha 3eM;no. CpaBHHTe c tohhoh jxajon na/;e- 

HHH paKCTbl. 



OTBETbl, VKASAHHJl H PELUEHHJl 


rJTABA I 



1 . CoJiHue npHTHTHBaer Jlyny npHMepHo B^Boe cHjibnee, MeM 3eMJiH. 



§ 2 


1 . MarepHaJibHan TOMKa (P, M) npHTHTHBaeTCH cHjibnee k raHieJiH, 
HBM K MaTepHaJIbHOH TOMKe (0, 2m). 

2. riycTb 2a — ;;jiHHa CTep>KHH, 6 — ero JiHHeHHan nJioTHocTb, m 


Macca mapHKa P. npHMeM sa naMajio Koop^^HHar cepe;^HHy 0 ciep^KHH 
(pHc. 1.7). riyoTb OP = R'^a. HoACMBTaeivi noTenuHaJi dU na TOMKy 

P, KOTopbiH cosAaeT sjieMenT CTep^KHH dx\ 


dU 


f 


6dx 


R 


X 


rioTeHUHaJi, cos^aBaeMbiH BceM CTep^KHeM na TOMKy P, paBeH 


a 


U 



dx 


R 


X 


/6 [In (R 


a) 


\n(R 


a)] 


a 


TaKOMy noTCHUHajiy cooTBeiCTByeT cHJia 


Fi 


dU 

dR 


/6 


1 


I 


P + a 


R 


a 


/6 


2a 


P2 


a 


Crep^KCHb npHTHTHBaei lOMKy (P, m) c chjioh 


F = mFi 


mf6 


2a 


P2 


a 


EcJIH 6bl MbI BCK) 
TO o6pa3oBaBiua5ic5i 
(P, m) C CHJIOH 


M CTep>KHH COCpCAOTI 

[aJibHan tomkh (0, M) 


mapHK 


CD - 


fMrn 

'W~ 


2fmda 


Hcho, hto P>cD. Hthk, CTep>Kenb AB npHTHriiBaer mapnK (P, m) 
CHJibHee, MCM TOMKa (0, M). Cnjiy F mo>kho 6biJio 6bi, kohchho, no;i- 


CMHiaTb HenocpeACTBCHHo, He npnDeran k npe;;BapHTeJibHOMy BbiHHCjieHHjo 
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noTCHUHajia U\ 



3. rio^^cqeT noienuHajia C(j}epbi pa/^Hyca R, Maccbi M ii noBepxHocTHoft 
nJioTHOCTH 6 Ha TOMKy P, naxoA^myK)CH na paccTOHnnn /* ot uempa ccj^epbi, 
npHBOAHT K (j)opMyjie 



PaccMOTpHM ABa cjiyqan: r'^R h r <^R. 

M 

1) r'^R. Tor^a U = f— . B tomhocth laKoft >Ke noreHUHaJi Ha toh- 
Ky P co3;;aeT MaiepHajibHan TOHKa (0, M). Asto SHaqHT, qToc4)epa npHTH- 

FHBaeT BHeiUHIOK) TOMKy (P, 1) C TaKOH >Ke CHJIOH, C KaKOH TOMKy P npH- 
THTHBaeT TOHKa (0, M). 

^ M 

2) r <^R. Tor;^a U = f = const. 3to snaqHT, hto c4)epa cobccm 

He npHTHCHBaer Tonny (P, 1), ecjiH nocjieAHHH jic^kht BHyTpH c(j)epbi (paB- 
Ho;;eHCTByK)u;aH chji, c KOTopbiMH qacTHUbi c(J)epbi npHTHrHBaioT TOMKy 
(P, 1), paBHa Hyjiio). 

4. Ecjih TOMKa P Jie>KHT BHyTpH c4)epbi pa;;Hyca p (OP ~ r 

H t onpeAeJiHeTCH no ^^opMyjie (1.2.3), to 

Tt 




BocnoJibsoBaBiuHCb sthm paBencTBOM, mo>kho noKasaTb, hto U = const, 
T. e. pe3yjibTHpyK)u;aH cHjia, c KOTopoft noJibiH map AeftcTByeT na MaTe- 
pHajibHyio TOHKy P, jie>KamyK) BnyTpn ero hojiocth, paana Hyjiio. 

5. HeTbipe MaTepHaJibHbie tomkh (A^, M) npHTnrnBaioT TOMKy (P, m) 

npH6jiH3HTeJibHo Ha 10% cjia6ee, neivi MaTepHajibnan Tonna (0, 4M), 


rPlABA II 

§ 1 

1 . Ecjih 6bi SeMJin ne Bpainajiacb BOKpyr CBoeft och, to Ka>KAoe tcjio 
b6jih3H SKBaTopa npn naACHHH na SeMJiio niviejio 6bi neKOTopoe ycKopenne 
CBo6oAHoro naACHHH gQ. Ha-aa Bpau;eHHn Seivi.TH Bonpyr och sto tcjio 
noJiyqaeT ueHTpo6e>KHoe ycKopenne a,, = r^e (o — sto yrjioean 

CKopocTb BpaiAeHHH SeMJiH BOKpyr ee och. TaK KaK Beivuin AeJiaeT noJiHbiH 
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oOopOT BOKpyr CBOeft OCH («OTHOCHTeJIbHO HenOABH>KHbIX 3Be3A») 33 

86 164 ceK, to 


a 




2jt 

86l^ 


.6378,2-103 


0,0339 MlceK^ 


Ha6jiK)A3eMoe na SKBaiope ycKopeiiHe cboOgahofo na;;eHH5i ecib 

pasHocTb Me>K/;y ycKopeHHeM cboOgahoto na^eHHH oTHocHTeJibHo HCBpa- 
maK)ii;eHCH SeivuiH h ueHTpo 6 e>KHbiM ycKopeiineM ^"3 = ^0 — ot- 

Ky;ia ^ 0 = g. — a„ 9,8143 mIcck^. Hycib na/; sKBaiopoM, iia paccTofinHii 


OT- 


Ky;ia ^ 0 =^ ^3 — % ^ y,oHcJ uiceK^. iiycib na/; sKBaiopoM, iia paccTofinHii 

6378,2 KM, OT ueHTpa SeMJiH, noMeiueHa Macca m. Cnjia F, c KOTOpoft sia Mac- 
ca npHTHTHBaeiCH k Seivuie, paBna mg^. Ecjih 6bi SeMJiH 6biJia H/;eajibHbiM 

mapoM CO c(j)epHMecKHM pacnpeACJienHeM hjigthocth, to 3Ta cHJia ne H3Me- 
HHjiacb 6bi, ecjiH 6bi bch Macca Scmjih 6biJia cocpe^oTOMCHa b ee ucHTpe. Hs- 
3a cnjiiocHyTocTH Scmjih sTa CHJia HaMCHHTCH, HO H3MeHeHHe 6yAeT Heana- 

HHTCJlbHblM H HM MO>KHO npCHeOpeHb. OoSTOMy ^OnyCTHMO CMHTaTb, HTO 

F = fmMJR\ ~ mgi^. CjicAOBaTCJibHo, ^o/^^=10"3.9,8143x 

X (6378,2)2 = 398 600 KM^lceK^. 


fmMJR 


10-3.9,8143x 


2 . K 


K) 


K 


K) 


3 M 


126,5-10^ KMVceK^. 


§ 3 


1. 06o3HaMHM Hepea m Maccy paKCTbi, nepea K — rpaBHTauHOHHbift 
napaMCTp njiaiieTbi. Tor^a Km/R'^ = mg, 0TKy;;a K = gR‘^. FlycTb paKCTa 
noJiyMHJia y noBCpXHocTH nJiaHCTbi HacToJibKo MaJiyio HaqajibHyio CKopocTb 
Vq, hto oiia He y/;ajiHJiacb b SecKOHennocTb, a npHiuJia b TOHKy Ha Bbico- 
Te H HaA noBepXHocTbio nJiaiieTbi, hmch TaM nyjieByio CKopocTb. CorJiacHo 
HHTerpajiy sneprHH 


rpaBHTaUHOHHblH 


2K 

R 


2K 

+ 


OTKyAa Vo 


2gRH 


Rl^ Jj • OoJibuiHX FI {H 


2gR 


npH Majibix H (H 


R 

H 


2gR\ 


+ 1 


0 ) 


2gH 


2 . V 


11,11 KM/ceK. 


R 

H 


2gH. 


+ 1 


§ 4 


1. OoZ 


^sy ^ 


X 


K. 


CsX 


0,2 + K 


y 


Xo, 


^ly 


02 X + K- 


Xq . 
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2. Ms (2.4.3), (2.2.1) h (2.3.2) c noMombio TO>KAecTB 


r 


— 0, a-(bxc) = b-(cxa),\a x b)‘^— a‘^• b^ -~{a• b) 


jierKo nojiyHHTb: 






K 


2 


2 /C 


— r-(ax^?)+(ax^?)2 


/C 


7(2 -f- 2y a-(z;xr)+o2.z;2_(o;.-jj) 


/C2 


K 

2 — g2-!-G2£;2 = /(2.| 


§ 5 

1. njiyroH noAXOAHT k CoJiHUy Ojih^kc, hcm HenTyn, npHMepHo Ha 
0,2 a. e. (oKOJio Tpex mh^hjihohob KHjioMeTpoB). 

. = 152 - 10 ® KM, r_ = 147 * 10 ® km. 


2. r 


3 . riycTb A'n (pHc. P.l)— JiHHHH ancH;i opOHTbi cnyTHHKa, CD 


JIH- 


U 'X r ''A •/ ' 

HHH BCTpeMH HJlOCKOCTH opOHTbl C HJIOCKOCTbK) SKBaTOpa. B TeMCHHe OAHOFO 


oSopoTa cnyiHHK npoxo^HT na 
ceBepHbiM noJiymapHeM Ayry CHD, 
a HaA io>KHbiM —Ayry DA'C. 

riyCTb C' H D' — TOMKH, CO- 
OTBeTCTBCHHO CHMMeTpHMHbie TOH- 
KaM C ll D OTHOCHTeJlbHO npHMOH 

A'n. 


CHD 


cnc 


CD, 


DA'C = DA'D' + D'C. 


riycTb M — npoHSBOJibnaH TOMKa 

Ayrn cnc, NV — TOMKa na Ayre 

DA’D' , B KOTopoH 3Ty Ayry 
nepeceKaer npHMan MA. 06o3- 

HaMHM HCTHHHbie aHOMaJIHH 

TOMBK M H Ad' qepea 0 h 0'. ^cho, hto 



cos 0 ^ 0 . Ho 0 ' 


0 


JI, Tax HTO cos 0' 


•IX Tt 

^ 0 H nosTOMy 

- cos 0 0. Mbi HMeeM; 


AAd 


p/(i 


8 COS 0), 


AA 4 ' 


P/(1 


8 COS 0') 


p/(l 


8 COS 0). 


AM' 


HTO HCM Aa-^biue CnyTHHK OT UCHTpa SeMJIH, TCM ero CKOpOCTb MCHbUie. 
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riosTOMyB JiK) 6 oHTOHKe TW AyrHC/ 7 C' cnyxHHK ABH>KeTCH 6 biCTpee, qeM b coot- 

BeicTByio’meH efl tomke M' ^yrH j 

cnyiHHK npoxoAHT 6biCTpee, hcm Ayry DA'D'. 

Hto >Ke KacaeicH Ayr C'D h D'C, to BBHAy hx CHMMexpHH oTHocHieJib- 
Ho JiHHHH ancHA A'n cnyiHHK npoxoAHT hx aa oAHHaKOBbie npoMe^KyiKH 

BpeMCHH. Tenepb hcho, hto Ayry CUD cnyxHHK npoxoAHx 6bicxpee, mbm 

Ayry DA'C. CnyxHHK iiaxoAHJicn AO*^Biije iiaA io>KHbiM noJiymapneM, HeM 
Ha A ceBepHbiM. 


§ 6 

2. 1,8 KM/ceK. 

3. 06o3HaHHM nepea K rpaBHxauHoHHbiH napaMexp CoJiHua. B mo- 


MeHX /() 


= Vq sin a 


K 

<5 


8 sin 00 , a = Voro cos a. 


Ha 3XHX AByx paBeiicxB cjiCAyex, mxo 


Vq sin a 


/C e sin 0 


0 


VqVq cos a 


(1) 


Ha ypaBHCHHfi opdnxbi Kopa6jifi HaHAeM, hxo 


1 


8 COS 0 


P 


<5 


0 


r 


0 


Kr 


0 


/•q^q cos^ a 

K 


Ha (I) H (II) Mo>KeM HaflxH 8 sin 0o h 8 cos 0o: 


OxcKDAa 


8 sin 00 =(f‘oVQ/K) sin a cos a 
8 cos 00 —(f'ovlIK) cos-a 


1. 


( 11 ) 


(III) 

(IV) 


tg0 


0 


1 


sin 2a 

^ cos^a — 


1 


.V) 


HoJiyncHHaH ({)opMyjia noaBOJinex BbiqncJiHXb HcxHHHyio anoMajiHio ko- 
pa6JlH B MOMCHX ^ 0 * BoBBOAH paBCHCXBa (III) H (IV) nOHJlCHHO B KBaApax 
H cKJiaAbiBan hx, HaHACM nocjie HecJio>KHbix npeofipaaoBaHHn: 


8^ 


1 ivl/K) - 1 ]"- cos2 a 


KpoMC xoro, 


sin^ a 


(VI) 


P 


oVK 


^ cos^a/ZC. 


(VII) 


SaxcM JierKo BbiHHCJiHXb no ({)opMyjie = /?/(! + 8), 
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4. BeJiHMHHy y mo>kho BbipasHib nepea r h nepea eeJiHqHHbi 0 
HaH^eHHbie npH peuieHHH ^pe;^bI;^yl^eH sajxami. OpHseAeM a^ecb h 
pemeHHe, ne onHpaiomeecH na aajya^y 3: 


P 


r 


1 -i- e cos (00 


V) 


1 


cos y 


(1 


8 COS 0o) X 


X (COST 
\ 


1 


8 sin 00 
8 cos 0 



Ho B MOMCHT t 


9 


V 


C3 

P 


8 sin 00 , 


C5 

P 


(1 


8 COS Oo), 


TaK MTO 


V 


tga 

KpoMe Toro, Ha paBCHciBa 


8 sin Qq 


V 


n 


1 


8 COS 00 


r 


d 


p/(i 


e cos 0 q) 


CJiejiyeT, mto 


HosTOMy 


1 -f 8 COS 00 ^ p/tq. 


P 

r 


1 


cos Y + ~ (cos y 


tg a sin y) 


Ha nocjie;i.Hero paBCHCiBa Haxo;i.HM 


1 


ro 

P 


cos Y 


tga sin Y 


r 


0 

r 


0 


P 


3;iecb 


2-2 


P = VJ cos^ a '/C. 


0 


PemHB TpHroHOMCTpHMecKoe ypaBHCHHc (I), HaftjieM y. 

5. lloJiaraH b (j^opMyjiax (I) h (II) Ha pemcHH^i aajxa^w 4 


r 




jt 

~2 


P, noJiyHHM 


R 


3 


K 


R 


B 




(1 


COS y) -h cos y — tga sin y 


OnpejieJiHH oxcio^a 


V 


2 

0 


2K{i 


cos y) 


^3 1/1 (1 + cos 2 a) +-6 sin 2 a] ’ 


r^e 


A 


R 


3 


R 


B 


COS Y» 


B 


sin Y 


o» P> 
Apyroe 


sin y] . 


(I) 


(II) 


0 ^ 3 . 


20 M. B. BaJiK 
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Mo>kho Bbi 6 paTb yroJi X thk, HTo 6 bi 


A 




Torjia 


V 


2 

0 


COS X, 


B 


y + 52 


sin X 


( 


Ji < X 



Jt)* 


2/C?(l 


cos 7 ) 


^ 3 !^ + VA'^+ B 2 cos( 2 a 


k)i • 


OTCio;^a c.iejiyeT, mto Vq npHHHMaer MHHHMa.TbHoe snaqeHHe 


npH a 


1 


2 



§ 7 

1. 29,8 KM/ceK, ^nap = 42,1 kmIcck. 

2 . nycTb H — Bbicoxa cyxoHHoro cnyxHHKa na^ noBepxHocxbio Scmjih, 
V — ero CKopocxb, R — pajlHyc Scmjih. SeiviJia AeJiaex oahh noJiHbiH 060- 
pox BOKpyr CBocH ocH 3a 86 164 ceK. Cjie;ioBaxeJibHo, cpe;iH 5 iH yrJioBan 
cKopocxb BpaiucHHa ScMJiH paBHa 2jf/86164 pad. TanyK) >Ke yrJioByio cko- 
pocxb ;;oJi>KeH HMexb cyxoMHbiH cnyxHHK, xo ecxb 


V 


2 jx 


R -T- XI 


86164 


Ho t» = y K^KR 



H). 


nosTOMy y^ 3 /{^+W®)= 2n/86164. OTciona 


Mo>KHo HafixH /?+//, a saxcM H: H 35 800 km. 


3 . h 


2K 


V 


r 


2,31 


2 • 398 600 ^ 
320 000 


n03XOMV 


xpaeKxopBH 


paKexbi — xHnepOoJiHMecKaH. 


4. i; 


KP 


V 


nap 


/eSTf. 

^ko1^2 


1,02 KMiceK, 


1.02.1',41 


5. CpeAHHH paAHyc^JlyHbi r 


Jl 


1,43 KM/ceK. 

1738 KM, Hycxb m 3 h nij^ — Maccbi 


SeMJiH H /lyHbi, ^3— pajlHyc Scmjih, h — SHaneHHa nepBOH koc- 

MHHeCKOH CKOpOCXH JlyHbl H SCMJlH. 


fni 


3 


^Jl ''3 


V 


IJl 


r 


/ 


3 


^^3 '*71 


V 


13 


Vk 


6370 
4 1740 


1,7 KM/ceK, 


Bxopan KocMHqecKan CKopocxb oxHocHxeJibHO JlyHbi paBwa 


V 


IIJI 


1^2 


2,4 KM./ceK. 
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1 . npH noMoiuH HHxerpaJia sneprHH (2.9.4) ii npasHJia pbmara mo>kho 

HaHTH 



^71 ^7t 



2 /C - 





29,8 Km/ceKy 


K U /C 1 + e 

a a 1 — 8 

7t 



(1 + 28) npH Majibix 8. 


OTCK);^a ^ (1 + 8). AHaJiorHqno noJiynaeM (1 — e). 

30,3 KM/ceKy 29,3 km/cck. 

7t UC 

3. HycTb A — ueHTp SeMJiH, B u C — anoreft h nepHreft JiyHHoft op- 
6HTbi, H 8j| — 6oJibiuaH noJiyocb h sKCueHTpHCHTex. 

AB = aj| (1 + 8jj) 405 000 km, 

AC = ajj (1 — 8j|) 363 000 km. 


PaccMoxpHM cnanajia noJiex k xo^Ke B. Flycxb 77 — nepHreft op^HXbi 
KocMOJiexa. = AH = 6370 + 230 = 6600 km. BoJibniaH noJiyocb op- 

6HXbi KocMOJiexa paBHa 

AB + An 

206-10^ KM. 


HanaJibHan CKopocxb KocMoJiexa (b nepHxee 77 ero op6HXbi) onpe^eJiH- 

exCH H3 ^^opMyjibi 



OxcK);i,a noJiy^HM ^ 10,9 kmIcck. AHajioxHMHo mo>kho BbiHHCJiHXb 

CKopocxb Heo6xoAHMyio KoCMOJiexy ;;jih ^o^a;^aHHH b JlyHy b nepH- 

ree ee op6HXbi. 

4. B 3XOM cjiyqae r = a h no 


(})opMyji 



5. riycxb R — pa;;Hyc SeMJiH, 7C — rpaBHxauHOHHbin napaMexp 
SeMjiH, = /? + //. 2a = /-^ + r^. 

21 M. B. BajiK 



308 


OTBETbl H PEtUEHH^i 


[rjT. tl 


Ha^ajibiian CKopocifa v onpeAeJiHCTcn paBencTBoM 


V 


2 

a 


K 


2 


1 ' 


2K 


r 


/ 


2/C 


r 


Tt 


r 


a 


a / 




/? 


/y AM- // + 


4 ^ 


2 A 


A 


H 


1 — 


A -f- A 


A 



H + r 


n 


Ho no ycjioBHK) ;;oji>kho ObiTb 



A 


/z, oTKy^a 


A-f- A + > A -f- //+/z. 


riOSTOMy 


A 


H 


A 


H 


R + H + r. '^2R + H + h 


V 


2 

a 



2A 


A 


A 


1 


A 


H 


2R + H + h 


HJIH 




2 A 


A 


h 


2R+ H -f h 


A 


H 


6. Ha pHC. 2.10 5ICHO, mto 

I 

igj=^ 

1 

(3Aecb-^cp ecTb /^AOB). Ho HB 


ctg 




2 


on 

HB 


AD 


d, on = ] zz |. KpoMe Toro, 


V 


2 

oo 


h 


K 


a 


, TaK HTo a 


K 


% 


V 


2 

oo 


HosTOMy tg “2 


A 




7. Ha HHxerpaJia sneprun n nnierpajia nJiomaAen 


^oo 

HMeeM 


V 


2 

a 






2 


2A 

A 




Ac; sin (p 


OTCio;;a naxoAHMi 


V 


2 - 


2Kd (d— A) 


A 


A2 sincp) • 


TaK KaK 


K 


2 

A 


1 


a 


) 


a 


TO JierKo BbniHCJiHTb a: 
1 d"^ — R^ sin^ (D 


2 z/ 


A sin^ (P 


3KCueHTpHCHTeT nocJie aioro iiaxoAHTcn npH oomoiah cooTHomenHH 


d = a (I 


£)• 


8. Sa^any mo>kho peniHib tom >Ke cnocoOoM, mto h npe^biAymyK). 

9. HycTb B MOMCHT CTapxa AMC ee CKopocxb ObiJia paBna v, a MecxHan 
napaOoJiHnecKan CKopocxb — ^^nap- KoHCxanxa anepruH h Mo>Kex 6bixb nan- 


4)opMyji 


h 


^4 


2/C 


3 


r 


0 


4,052 


2*398 600 


488 900 


6400 


14,8. 
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TaK KaK h > 0, to abh^kchhc AMC npoxoAHJio no rnnepdoJie. B cnjiy cfiop- 


MyJibi (2.7.11) 


^ 

^ nap 


no ycJioBHK) V — Djjap ~ OTCK);^a v + = hid, ii noaxoMy 


1 


h 


V 


2 \d 


+ rf); 


1 Ih 


V 


nap 


2 \d 


d 


10,9 kmIcbk. 


Ecjih oTAeJieHHe AMC ot paKexbi nponsoiujio na paccxoHHHH r ox 
uenxpa SeMJin {r — R + H, vjijd R — pa^nyc SeMJin), xo 


V 


2 

nap 


2K 


3 


2K 


3 


r 


r 


V 


2 

nap 


, H 


2K 


3 


V 


2 

nap 


R 


380 KM. 


BeJiHHHHy la I rJiaenoH noJiyocn AMC HaH^eM h 3 aaBHCHMocxn 


h 


K 


3 


a 


10 . vl 


2K 

ra 


+ h 


V 


2 

nap 


h = V 


2 

nap 


K 

a 


. Oxcio;;a 


K 


a 


V 


2 

nap 


V 


2 

0 


Ecjih rpaBHxauHOHHbift napaMcxp K neHSBecxeH, ho msbccxho paccxoH- 
HHe Tq cnyxHHKa ox SBesAU (AP ~ to mojkho BocnoJibsoBaxbCH xcm, 


HXO V 


2 

nap 


ro ’ 


xaK HXO 


K 


1 


H a 


2 nap 


1 

2 


ro 


V 


1 


2 

0 


V 


2 

nap 


V 


11. 8 


2 

0 


V 


2 

Kp 


1 . 


12. 1) BoJibiiian noJiyocb He saBHCHx ox a, h6o onpeACJinexcH H3 coox- 

2 . 1 


HOUieHHH V 


2 

0 


K 


ro 




8), r 


0 


a (1 


8o). HoaxoMy 


1 


8 


r 


71 


ro 


1 


Bo 


(I) 


21* 
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2 ) 8 


1 + h 


I 

a 




r;ie o = Vo sin a, h 


1 

8 


B nacTHoCTH, npH a 


1 

7t 


h 


sin^a 




2 


noJiyHHM 


8 


2 

0 


1 




xP' 

‘^o 'o 


K 


CjieAOBaxeJibHo, 


8 


2 


1 


(e 


2 

0 


1) sin^ a, 8 


2 


l + (8? 


TO eCTb 


82 


4 + 


8q) COs2 a. 


V 


2 

0 


2/C 


r 


0 


OosTOMy 


1) sin^ a, 


(H) 


13. nyCTb /IC = r; 8, a, p — SKCueHTpHCHTeT, rJiaBHan noJiyocb h 


V 


4)0KaJibHbiH napaMCTp opOnTbi KocMOJiexa. TaK Kan tgq) 


n 


V 


, xotgq) 


r 


(1 + 8 COS 0)/(8 sin 0), oxKy^a 8 = l/(tg(p sin 0 — cos 0). Ho p 


oVK. 


o 


rysinq), xaK hxo p = sin^^)/K. Tan kbk r= p/(l + 8 cos 0 ), 


xo cos 0 


— 1 j/8, xo ecxb 


cos 0 


sin^cp 


K 


11 /(tgq) sin 0 — cos 0), 


0XKy;;a 


tg0 


1 


rv^ sin 2q) 


1 


sin 2q) 


2 sin2 q) 


K 


2 sin2q) — (t>j^p/t;)2 » 


r;;e — sxo KpyroBan CKopocxb Ha paccxoHHHH r ox ucHxpa SBca/Ibi A. 

14. HacxHbiH cjiyqafl 3a;;aMH 13: q) = 60°, d = 35 km/cck^v^^^ 
= 30 KMjceK. OojiyqaeM 



1 sin 120° 



sin^ 60° 






7 


§ 10 

1. Hycxb M — Macca SBcsAbi, m — Macca cnyxHHKa, T — nepHOA 
ero oOpamcHHH BoKpyr SBea^bi, a — OoJibmaH noJiyocb ero opOHXbi. 

TeopexHqecKH MbicJiHM cJiyHafl, Kor;ia nepHOA T Oy^ex MCHbiue Tq. 
JAjir axoro cnyxHHK Ao*n>KeH HMexb Hacxo.JibKo OoJibmyK) Maccy, HXoObi 

a^M <{M + m)R^, 
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TO eCTb HTo6bI 


a 




1 


O^HaKo npaKTHHecKH stot cjiyqaH Hepeajien 


2- r^=H^+R (R- 

2a = //„+//„ 


pa^Hyc SeMJiH), r = R, 


2R, H 


71 


2 (a 


a 


3 


K 


3 


7"2 


4n^ 


10 100 KMyceK^y 


T 


R) 


^a. 


106*60 ceK, 


a 


y 10 100(106*60)2 ;^7420 km. 


TaK KaK R ^ 6370 km, H 


CL 


1880 KM, TO H 


71 


220 KM. 


4. riycTb A — ueHTp SeMJiH, B — nepHreft op6HTbi Jlynbi. 
a) BpeMH noJieTa t k nepHreio JlyHbi. 

An = 6600 KM, AB = 363 300 a 185 000 km. HaH^eM nepHOA 

o6pameHHH T Tanoro CHapH^a BoKpyr SeMJiH*. 


a 


3 


J'2 


10 100 KM/ceK^, 


T 



185 0003 
10 100 


ceK 


220 HOC. 


T 


110 nac 


t 


CL 


CjieAOBaTeJibHO, noJieT k nepHreio JlyHbi saHMeT 

4 cym 14 hoc. 

6) BpeMH noJieTa k anoreK) JlyHbi BbiHHCJineTCH aHaJiorHHHO 

5 cym 10 hoc. 


5. a 


3 


Y KT^/4n^ = 40 700 km , Ha 


2a 


2R 


3 


Hn 


68 000 KM , 


Va 



2 


1 


K 




a 


0,95 km/cck. 


Mr. H M 


Maccbi SeMJiH H JlyHbi, T ji h T — nepHOAW 


o6pameHHH JlyHbi h paxeTbi BOKpyr SeMJiH. TorAa 


rp2 


4jt2 


rp2 

P 


4ji3 


/ (M, + Mji) 


a 


3 


fM 


3 


HosTOMy 


T 




T 


1 + 


M 


n 


V: 


P 


M 


1 


1 


M 


Jl 


3 


2 


M 


3 


<1 




06o3HaHHM Hepea I AJiHHy Jiynnofl opOHTbi. 3S 1 ceK paneTa npoxoAHT 

f~ KM, a JlyHa j- km, npHHeM h6o '^Tji. 

P Jl JJ 


P 
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HxaK, JlyHa npoxoAHT aa Ka>K;;yio cenyH^y Ha 


I 


I 


T 


Ji 


T 


KM 6oJibme, 


P 


HeM paKeia. MTo6bi npoHXH ox;;eJiHK)myio hx noJioBHHy op6Hxbi h Harnaxb 
panexy, Jlyne noxpedyexcH BpeMH 


1 


2 


I 


I 


I 


T 




M 


3 


T 


JI 


T 


P 


T 


T 


2 1 


JI 


Mj, 


817 


JI 


T 


p 


HxaK, npHMepHO ^epea 80 JiyHHbix MecHueB, xo ecxb qepea 6—6,5 Jiex, 
Jlyna Aornajia^bi paKexy (paKexa ynajia 6bi na Jlyny). IlpHXHJKeHHe JlyHbi, 
KoxopbiM Mbi npeHe6perjiH, xoJibKo ycKopHx axox npouecc. 

7. 7 450 cym. 


8 . a 

9. R 


134-10® KM, 


2a 


^ 148 - 10 '^ KM 

7Z 


3 


KM, = 213 KM, H ~ 1560 KM 


a 


/?3 + 


2 


7260 KM , 


7 


2jta 102,6 muh. 


10. Op6Hxa KocMOJiexa — sjiJiHnc c 6oJibmoH noJiyocbio 


1 


a 


2 


(^3 + ^ m )^ 168 - 10 ® km 


M 


riycxb t — HCKoMoe BpeMH nepeJiexa. Toxab nepHojI o6paaieHHH KocMOJie- 


xa BoKpyr CoJiHua paBeH2/. 


amt^ = RllTl , 


npHHeM nepHoA o6pameHHH Scmjih 365 AHeft. IloaxoMy 


t 


1 


a 


7: 


2 \R 


7 


1 


3 


3 


2 


365 


168'10® \ 72 
150-106 


260 cym 


11. t 


150 cym, y 27 kmIcck. 


§ II 


1. Hycxb nepejiex coBepmaexcn no Ayre AB (pnc. P.2): ro= Si4 = 

KM, A = SB = 228-10® KM, vq— 29,8 kmIcck, — 132,5 x 


X10® KM^IceK^ 


M 


Macca CoJiHua). Hcho, hxo a — 189-10® km. 


V 


4)opMyjie 


2 

0 


2 


fM 


c 


K 


ro 


1 

a 


KMp/ceK^ 


s 


m 


ar 


2 

0 


222 000 M^. Ecjih napyc HMeex (})opMy Kpyra, to ero 


paAHyc R ^ 270 m, m^ 


ps 


450 Kc. 
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2. OcTaK)TC5i B CH.ae Huierpaji sHepniH, HiiTerpaji njioiua;;eH, HHier- 
paJi Jlanjiaca h hx cjicactbuh. OpdHia Momei dbiib TOJibKo rHnep6oJioH 

(hjih npHMOH), h6o b Ka>K;;biH mombut BpeMCHH h ~ — 2/C/ro > 0 h 

nosTOMy 8^1. 



Phc. P.2. 

§ 12 

I. YpaBHeHHe cnHpaJiH b komojibkchoh ^opMe HMeer bh;; 

w = , \w \ = r= (c =1= 0). (I) 

nOKa>KeM, MTO MO>KHO TBK nO^O^paTb 4)yHKi;HK) 0 = 0 (/) H KOHCTanxy c, 

^To6bi ^yHKUH5i (I) y;;oBJieTBop5iJia ypaBHBHHK) (35). 4hcjio K mo^kcm npe^- 
cxaBHTb B noKasaxeJibHOH ^opMe: K = \ K \e^^. ypaBHeHHe (35) nepenHiueM 

xan: 


= _ I /Cl e'■(9+PVr^ (II) 

Ha (I) cJieAyex, mxo 

(c+(HI) 

w = /"c (c + O [0 + (Ilia) 

Ha (Ilia) H (II) HaH^eM, qxo 

[(c + 0-6" + (c + 00] = - I a: \e‘^- (IV) 

npHpaBHHBan cooxBexcxBeuHo BemecxBeHHbie h MHHMbie MacxH o6eHx ^acxeH 
nocJie/^Hero paBeHCXBa, noJiy^HM 

^ 3 g 3 C 0 _ 1)02 -J_ C 0 ] — I /( I cos P, (V) 

[2c02 + Q] = -\ K\sln p. VI) 
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HCKOMan ^yHKUHH 0 (/) AOJI>KHa YAOBJieTBOpHTb 060HM ypaBHCHHHM (V) 

H (VI). yMHO}Ka5i (VI) Ha c H BbiHHxaH saTCM H3 Hcro (V), noJiyqHM ypaBHe- 

HHe 


02 (c 


1 ) 


K I (cos P — c sin P), 


(VII) 


OTKyAa 


3c0 . 


e 


02 


D. 


me 


D \K\ (cos P — c sinP)/[r^ (c^ + 1)] 


(VIII) 


Hcho, hto ypaBHCHHe (VII) HMeei pemeHHe JiHiub b tom cjiyqae, 


KOFAa 


cos P 


c sin P 



0 . 


(IX) 


npH TaKOM AonoJiHHieJibHOM orpannqeHHH H3 (VII) cJieAycT 


3c0 

0 


6, 


(X) 


rne 


6 


+ Yd HJIH 6 


'YD; 


d 


dt 






) 


3 


2 


cd 


(XI) 


riyCTb 0 = 0 npH t == Iq. B xaKOM cjiyqae 


e 


V 2 CQ 


1 


0 


2 


3c 


In 


1 


3 

2 

3 


c6 {t 


4)» 


(XII) 


2 


c6 (t 


4) 


(XIII) 


yMHo>KaH o6e qacTH paBencTBa (XII) na naHACM: 


r 


I 2 


r 


I 2 


3 


0 


2 


cr 




4 )* 


(XIV) 


OyHKUHH (XIII) HBJiHeTCH peiiieHHeM ypaBHeHHH (X), BbixeKaioiuero 
H3 ypaBHCHHH (V) H (VI). Ho oHa He Bcer;;a 6yAex yAOBJiexBopnxb caMHM 

ypaBHeHHHM (V) h (VI). 

BbiHCHHM, npH KaKOH >Ke aaBHCHMocxH Me}KAy napaMexpaMH (J)yHKUHH 

(XIII) 6yAex yAOBJiexBopnxb xaK>Ke o 6 ohm ypaBHeHHHM (V) h (VI). 


Hs (X) BHAHO, wo 6 


-?-c0 

be 2 


. nosTOMy 


9 • 

0 


- ~c0 


6e 


2 


3 


2 


c 


0 


3 


2 


cDe 


-3c0 


(XV) 


• mm 

rioACxaBJiHH 3TH SHaneHHH 0 H 0 B (VI), HOJiyqHM: 


C (cos P 


c sin P) 


2(c 


1) sin P, 


oxKyAa 


tgP 


c 


c2+ 2 • 


(xvi; 


(XVIa) 


I 
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TaKHM o6pa3oM, (J)yHKUH5i (XIII) YAOBJieTBopHeT ypaBHeHWo (VI) 

B TOM H TOJibKo TOM cjiyqae, Kor^a P h c CB^aanbi saBHCHMOCTbio (XVIa). 
JlerKo npOBepHTb, hto npH BbinoJiHeHHH paBencTBa (XVI) ^^ynKUHB (XIII) 
yAOBJicTBOpHCT TaK>Ke ypaBHeHHK) (V), a SHa^HT, h ypaBHeHHio (IV). 

Ha paBeHCTBa (34) bh^ho, mto BemecTBCHHan h MKHMan ^acTH qHCJia 

K paBHbl COOTBeTCTBeHHO 

Ki= fM — ——scos^q? H /C 2 =— cos^q? sinq). (XVII) 

[ $ L lib 

Hcho, hto ^ 

tg p = • 

TaKHM o6pa30M, cnHpajib r = mojkot oKaaaTbCH op6htoh Kopa6jiH c 
coJiHeHHbiM napycoM jihihb b tom cjiynae, Kor^a KOHCTaHTa c h yroJi opHCH- 

TauHH napyca (p cBnaanbi saBHCHMOCTbio 

ar^scos^q? sin (p /(—ctr^s cos^q) + /Mm) = c /(c^ + 2). (XVIII) 

2. YKasaHHe. Hbxoahm nocJieAOBaTeJibHo c, P, D, 6 q, Wq h Bpe- 
MH nepeJieTa t — 4 ^3 (|)opMyji (XVIII), (XVIa), (VIII),(X), (Ilia), (XIV) 

pemeHHH sa^anH 1 (npH stom Oq = 0). 

3. KaK bh;;ho H3 (J)opMyjibi (XIV) pemeHHH aa^anH 1, yroJi q) cJieAyeT 

BbidpaTb TaK, HTo6bi BeJiHHHHa c^D HMeJia MaKCHMajibHoe aHaneHHe. Ha 
(VIII) CJIe;^yeT, hto c^D = X {cK'i)^ ^;^e X — HeKOTopan KOHCTaHTa, He 
aaBHCHman ot (p. HosTOMy 

^ =c^ + /(2-^ = 0. (XIX) 

d(p d(p d(p 

npoHSBOAHbie dc/d^) u dK^ld^p naxoAHM h3(XVII)h (XVIII). Ha cHCTeMbi 

AByx ypaBHeHHH (XVIII) h (XIX) mo>kho Tenepb naiiTH HCKOMbifl yroji q), 
3Ty CHCTeMy y^odHo peuiHTb rpa(J)HHecKH. 


r JIAB A III 


§ 1 

1. HcnoJibayn (J)opMyjiy (6), naftAeM x^5l nac. 

2, HoJiaran b (J)opMyjie (6) p = 2rn~ 2 a. e., r = 30,1 a. e. 

Kc = k = 0,01720, noJiyHHM t 13 jieT. 

. 3, 0 = 3/^ji, sin 0 = — 1, a = ofeo km, K = 398 600 KM^/cex^, 

T T /~~a 

^ = a j/ 855,3, 8 = (Ha — Hn)/(2a) = 0,025. Ho (|)opMyjie (8) 

T = 855,3 *(72 ^ + 2-0,025) ceK 68 muh, 4 = /q + ^ S muh, 

§ 2 


1 . riycTb E — sKCueHTpHHeCKaH anoMaJiHH tohkh P BCTpeHH KocMOJie- 
Ta c opdHTOH JlyHbi, r = AP ~ 384 40001. BpeMH nepeJieTa t mo>kho Haft- 
TH H3 ypaBHeHHH Kenjiepa 
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npnqew r 


a (1 


8 qosE). HaHAeM nocJieAOBareJibHO a, 8, n, cosE, E, 


sin E. Ho ycjioBHK) Vn -- 10,95 kmIcck, — 6600 km, K — 398 600 


r 


384 400 KM. Ho 


i;!- 

i w 


K 


2 


r 


71 


1 

a 




OTKyAa a 


Krn 


2K - 


71 


449-10^ KMy n 


1 


a 



l3 

a 

sin E 


a 


0,9853, cos E 
0,9894. HosTOMy 


K 

a 
r 


2,M0-«;rn 


a (1 


8), OTKyAa 


8 


1 


a8 


0,1460. Ho Ta6.nHuaM iianAeM E 


1,425, 


1 


X 


n 


(E 


8 sin E) 60 nac. 


2. /jt 


6600 KM , 


Vn 


V 


2 

t: 


K 


2 


rn 


.1 

a 


oTKy^a a 


12,0 KMfceK , 

Krn 


K 


2K — rnV 


2 

t: 


398 600 KM^JceK^, 


17 170 KM. Op6HTa 


rHnep6oJia (h6o a<;0). HpoHaBCAJ^ pacner b tom me nop^AKe, hto h b 
npeAbiAyni>^n aaAaqe, noJiyqHM t 20 nac. 


3. T 


1 

-{E — esinE). B cnjiy (14) 
/ 1 / 


cos E 


a 


r. 


az 


TaK KaK no ycJioBHio 0 <;E<^jt, to 


sin E 

riosTOMy 


+ yi 


cos^ E, 


E 


a 


r 


arccos 


az 


n 



K 




X 


/~ /yS 

Ftl 


a 


r 


arccos 


az 


8 



1 


a 


r \2 


az 


V 


n 


4. Ha (2.9.5) h (4) HaftACM: 


/( 1 + 8 cos Z 


V 


a 1 


5 

r 


Vkp 


r 



K{\ 


82) 


8 COS Z * 

1 


a 


1 


8 COS Z 


1 


V 


2 


P 


82 sin20 


/( 


P 


(e 


82 COS20) 


nb 


8 cos Z 


K 


a (1 


82) 


8 


2 


1 


I 

8 


1 


8 cos Z 


1 


2 


K 82 sin2 Z 


a (1—8 cosZ)2 ’ 


naz sin Z 
1 — e cos Z ’ 


OTKyAa 
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ripH 0 <; 8 <[ 1 cjieAyeT b sthx (J)opMyjiax noJio^HTb Z = £", a npH & ^ 1 
saMeHHTb Z, sin Z, cos Z, n, a, b cooTBCTCTBeKHo na ///, i sh //, ch //, 


i n 


a 


i b [. 


5. X 


1 

/z 


2 Arctg 



1 


1 + & 


8 0 
tg 


8 




8^ sin 0 


2 


1 + s cos 0 


rue 




VaVK 


d)opMyji 


>1) MOHCHO H36e}KaTb B03HHKaF0- 


BaMH n 


Vi 


8 


I 



8 


1, arctg (zA) 


1 , 1 + 

- n 


2i 


1 


T (qTo6bi 


yde^HTbcn b cnpaBeA-anBocrn nocjie/^nero paBencTBa, ;;ocTaTOHHo o6e ero 

nacTH pa3Jio>KHTb b p^a no CTenenHM X). lloJiy^HM 


1 


X 


n 


8 



8 


1 sin 0 


Ye+ l + Y 


1 


+ 


in 


itg^e 


Y^ + 



1 


1 tg Y 0 / J 


§ 3 


1 . a) X 


50 MUH = 3000 ceK 


V 


1,997* 10"5 ceK 


-1 


M 


nx 


0,060. noJio>KHM Eq — M. Ho (J)opMyji 


nocjieAO- 


BareJibHO 


E 


Mo + 8 sin £"0 — 0,090, £'2=0,105, E 


3 


4 


0,116, 


£5 = 0 , 118 , £ 


6 


0,119, £7 


0 , 112 , 

0,119. 


Mo>kho npHHnib £ = 0,119 (pad). CorjiacHo (3.2.21) 


tg 


0 

2 



r 


1 

a (1 


1 + 8 £ 
-^‘g-2 


0,1031, e=ll°48', 


8 COS £) 50 300 KM . 


r 


2 . 8 


a 


r 


n 


2 


1 




35 


+ 


KM 


V a3 


1,078-10-3, T = 
Kenjiepa £ — 8 sin £ 


1 nac 20 muh 


M 


nx 


5,174. ypaBHenne 


M peuiHM cnoco6oM HTepaunfi. Hojiojkhm 


^0 


M 


(J)opMyjie 


HanneM 




M + 8 sin£o= 5 , 125 , £3=5,122, £3=5,122. 


HxaK, £ = 5,122 pad, to ecib £ 293,5°, 


tg 


0 

2 



1 + 8 £ 


1 


8 


0,6947, OTKy;^a 0 = 5,07 pad, 


TO eCTb 
TO eCTb H 


0 


290°30' 


H 


470 KM, 


a (1 


8 cos £) 


6370 


6840 


6370, 
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3. r 
61 


a (1 


1 


8cos£), a = y(70-104+ 9-W) = 395-10^ km, 8 


79 


0,772, X = ASnac = 172 800c^/c, n 


v§. 


25,4-10-7 ceA:-i, 


M 

E 


nx 0,439. BbiHHCJi 5 iH E cnocoOoM nenoABH^HOH tohkh, naHAeivi 

1,140. TorAa cos E = 0,4176, r = a (1 — 8 cos E) = 268-10^/cjw. 

2 1 

4 ^^ t A ^ A A # JL 

. /'Jt 


630 + 6370 = 7000 km, Vn = 14,0 kmIcck, v„ = K 

7y ^ 


Kr 


TC 


a 


oTKy^a a 


TC 


2/C 


r 

TC TC 


4900/C.M. TaKHM o6pa30M,op6HTa—rHnep6oJia, 


TaK KaK rjt 


a 1(8 


1), TO 8 = l-]~ 


r 


Tl 


a 


2,44, 


|«| 


l /,4 


0,0019, M =\ n X 


Cnoco6oM HTcpauHH HaxoAHM H ^ 4,08, a aaicM r 


68,4 


KM 


§ 4 


1 . a 


1 


E +y(//a+//:r), C 


a8 


1 

2(^“ 


npH MaJIOM 8 HMCCM 


//it), rio (|)opMyjie (7) 


// 


r 


/? 


a 


a8 cos 44 


E, 


TO eCTb 


H 


1 


2 (^a + //:t) 


1 

2(//« 


//jt) COS 44 


(I) 


44. 


cJ)opMyjie ( 

2jt 

< M = -jT 


(t 


3. 44 


2jt 

T 


a 


to), TO SaTCM JierKO BbIHHCJIHTb /q- 


1 


/q), /? npHqcM a mo>kho naiiTH 


H3 3aBHCHMOCTH 


4jt2 

T" 


a^. rioJibByBCb cJ)opMyjioH (I) h 3 pemenHH 3a;i,a- 


HH 1, MOJKHO BblHHCJIHTb H 


a 


a saTCM 

TC 


H 8 no (J)opMyjie 


8 


8 


(ff.- 

- //J/(2a). 

4. T = 

- 1 Hac 15 MUH — 4500 

(//a- 

- Hn)/{2a) = 0,0110, ft 


1 


/? + y (//a + /4t) = 6625 a:.4i. 




1,143-10-3, 


44 


nx 


5,144. Ho TadJiHuaM naxo^HM sin 44 = — 0,9083, cos 44 = 0,4183, 
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0 


M 



I 


28-sin M = 5,124 pad, to ecTb 0 ;::^293°35'. 


H 


1 

2 


{Ha 


Hn) 


1 

2 


//jt) cos M 224 km 


§ 5 

1. Ho (|)OpMyJiaM, CBHSbIBaFOmHM SJieMeHTbl SJIJIHIITHqeCKOH Op6HTbI, 


HaXOAHM 


r_ T 

71 • a 


a 


2 


180-106 


r 


a 


r 


t: 


8 


''a + ^7t 


1 

3 




P 


a (1 


82) 


160 • 10® cjw 


noJio>KHM 


SC, r 


SD, P 


^CSD. Tor;^a 


HQK C u D. 


oTKYAa 


s 


Vi 


— 2 ri /'2 cos p. 


HaH^eM P: P == 0^— 0^., r;^e 0^ h 


0 


cos 0 


c 


AnajiorHHHO 


cos 0 


D 


p 


r, 


r 28 


D 


HCTHHHbie aHOMaJIHH To¬ 


ri 


p 


1 + 8 cos 0^ ’ 


cosO 


p 


r 


1 


c 


160-106 


/'l8 

150.106 


150 - 106 . 


1 


0 , 2 , 0 


c 


3 


0,8947, 0 


D 


1,369 pad. 


2,679 pad, P = 0^ — 0^ 


1,310, 


s 


cos 


cos X 


2 


loe. y 1502+ 2282 —2-150-228 0,2578 = 238-10« ^ 


1 


n + r. 


s 


2a 


0,2941, 


1,869, 


sin Xi 


0,9558, 


1 


A + r. 


s 


2a 


0,7059, 


k 


0,787, 


sin k 


0,7082, 




6637-106, 


X 


1 

n 


[(^1 


^ 2 ) 


2. nycTb r 


1 


(sin;>ii 


SC 


sinXa)] 


5,54 -106 ceK ^ 64 cym. 


150-106 KM, 


r 


V 


1 


SD 


50,0 KM/ceK, Kq — 132,5* l^^KMp/ceK. HacJ)opMyjibi v^~l{ 


800-106 


c 


2 
n 


KM, 

1 


a 
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o 


HaH;^eM, mo a 


180,7- lO^KM <^0. riosTOMy op6HTa — rHnep6oJia, h cjie- 


^yer npHivienHib (|3opMyjiy JTaM6epTa b ce rHnep6oJiHqecKOM BapHaHie (20): 


s 



r 


2 I ^2 

2 




814-10® KM 


1 


n 


a 




6673-10^ 


ch X 


1 


1 + 


'"l + '"2 + S 

21a 


5,881. no Ta6jiHuaM rHnepdoJiHqecKHx 


c})yHKUHH HaHAeM = 2,458, sh 


5,798. 


AnajiorHquo ch X 


2 


r f'z — s 

1 + ■ o - r- - = 1.376, X = 0,843, 


2|a 


sh = 0,946, T 


1 


2 


n 


[(sh X[ — X[) 


(sh X 


2 




230-10^ ceK = 265 cym. 


3. CKopocTb KocMOJiera 6jiH3Ka k napa6oJiHqecKOH, Tax qxo noA- 


cqera 


Ha 


Sfijiepa (24). s 



r2 

^ 2 


2r-^r2Cos 60 


(J)opMyji 

195-10® KM, K 


132,5-10^ KM^ceK^. Ho ^opMyjie (24) HaHACM: 5,15-10^ ceK 


60 cym. 


r;i AB A IV 

§ 2 


1. yqicM, qio rpHHBHqcKoe BpeMH («cpeAHee MHpoBoe BpeMH») otjih- 
qaercH ot mockobckofo Ha 3 nac h hto Scmjih coBepmaer noJiHbiii o6opoT 
BOKpyr ocH 3a 86 164 cck. HosTOMy 


S 


+ 


360° 


3) 


X (rpaAycoB). 


2. S 


217,94° 


360° 


^^(86 400- 86 164) *6 


, 360° 

86 164 


3) ■ 3600 + 32 


151,6 


3. 3 Han A^Ty h momcht nadJiioAeHHH, moh^ho aJI^ sxoro MOMCHxa bbi- 


qHCJlHXb 3Be3AHoe BpeMH S B XOHKe 


B. UycThAx^y^z^ 


reoucHxpHqe- 


CKan SKBaxopHajibHan cHcxeMa KoopAHHax (ocb AXg HanpaBJiena b xoqxy Be- 
ceHHero paBHOACHCXBHn); Bx^y^z^ — xonoueHxpHqecKan ropHBOHxaJibHan 
cHCxeMa. PaccMoxpHM eu;e BcnoMoraxeJibnyio CHCxcMy oxcqexa Bxyz c na- 

qaJlOM B XOHKe B W 0. OCHMH, COOXBeXCXBCHHO napaJlJieJlbHblMH H OAHHaKOBO 

HanpaBJieHHbiMH c ochmh Ax^ Ay^, Az (pHC. P.3). 51cho, qxo 



CD 

1 

4- z^k xi + yj ■ 

\- zk + AB, 

npHqCM BCKXOp 

AB 

xaKHe KoopAHHaxbi: 




-^0 = 

= R coscp cos (5 - 

-180°), (/o = 

= /? coscp sin {S — 

180°), 

X = 

11 

o 

11 

CD 

O 

o 

11 

= R sincp, z ~ z^ 

— oz. 


HMcex 



rn ivi 


OTBETbl H PEIIlEHH5i 


321 


Ot CHCTeMH Bxyz mo>kho nepeniH k cHcieivie Bx^y^z^ c noMoiubio j\Byx no- 

BopoTOEi (pHC. P. 4 ): nocjie iiepBoro iiOBopoia BOKpyr och Bz iia yroJi 
S — 180 ° no.iyMHM Hoeyio cHCTCMy Bxyj^z^, npEiMCM ocb Bz^ coBna;;aeT c 






Phc. P.4. 


ocbK) Bz\ nocjie BToporo noBopora BOKpyr och By^ Ha yroJi 90 °— q? 
noJiyqHM CHCTeMy Bx^y^z^, npHncM ocb By-^ coBna^aeT c ocbio By^. 

CociaBHM TadJiHuy yrjioB Me}K;^y ochmh h MarpHuy nepsoro noBopoia 



Bx 

By 

Bz 

Bxi 

S 180° 

270” — S 

90° 

Byi 

5 90° 

S 180° 

90° 

Bz\ 

90° 

90° 

0° 


AHajioFHHHO BToporo noBopoTa: 



Bx\ 

Byi 

Bzi 

Bx^ 

90' — (p 

1 

90° 

1 

Byr 

90° 

0 

90° 

Bz^ 


90° 

1 

90° — q) 


Ai 


cos 5 
sin 5 


sin 5 0 
cos 5 0 









— cos (p 

0 

sin cp 


I 
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OTCiOAa: 




y 


A<2,A\ 


X 


y 


X 


y 


^2 


X 


y 


X 


y 


X, 


X 


yo + 


Vt 


(I) 


rne 




A 


-1 


— cos 5 

sin 

5 0 

— sin 5 - 

— cos 

5 0 

0 

0 

1 

sin q) 

0 

cos q) 

0 

1 

0 

— cos q) 

0 

sin q) 

D HaHTH 

Ha (I) 

^3’ y 


‘ p> c/f> Y' * - — 3’ ^3^ 3 

4. 3 Han p, h, A, JierKo BbPiHCJiUTb /^eKapioBbi ropHsoHTaJibHbie Koop 


AHHaTbi (x^, y^, z): 


= P cos h cos ^, 


y 


p cos h sin 


p sin hy 


a aarcM jlCKaproBbi SKBaTOpnaJibHbie x^, y^, 2:3 (cm. npejibiAyiuyio aa^aMy). 
riocjie SToro mo>kho HaiiTH r, 6, a na cJ)opMyji 

A*. =- r cos 6 cosa, y^ = r cos 6 sina, z ~ r sin 6. 

Cr Cr 

OTCio;;a cjic^ycT, hto 

r\= xl+y\+zl, sin6=^. 

nocjie;;HHM cooTHomenHeM yroJi 6 onpe;^eJi5ieTCH o/^HoananHo, raK KaK 

JX 3X 

— '2 ^~2' HeTpy;^Ho naHTH cos a, sina h yroJi a. 

5. BbiHHCJiHeM CHaqajia a:^, y^y z^, aaicM (cm. aa^aqy 3) a-^,, y^, z^ 
H onpeACJiHCM, HaKoneu, p, h u A m cHCTCMbi ypaBneuHn: 


y 


a:^, = p cos h cos Ay 
p cos h sin A, z^ = 


p sin h. 


6. riycTb (a', y, z) - 
6\\Thi cnyTHHKa, (^, t], Q 


HCKOMbie ;ieKapTOBbi KoopAHHaibi nepHren op- 

- op^HTaJibHbie KoopAHHaTbi. Torjia 


r.i. IV] 
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H3 (2i) cJieAyex, mto 


P 

P 

P 


a (1 


e) 


4 


V2 


COS ^ COSO) 


sin sin co cos 7 


sin cos (0 + cos cos cu cos r a (I 

sin (0 sin Y J 


e) 


Vi 


560 


Y& 


4 


_ I 


TO eCTb 


1980 KM, y 


3960 KM, z 


3430 KM 


Zlajiee: 


a (I 


e) 


5600 KM, sin 6 ^ 


/6 


4 


0,6125, 


37^46', cos 6 


Y 10 


4 


, cos a 


«(7 




Sin a 




0,447, a 


cos 6) 

:: 15"26' 


Vs ’ 


t 

i . 


X 

y 

z 


Py^yPy 

P,Q,P, 


R 

R 

R 


sin ^ siny 
— cos ^ sin 

COS Y 


i. riycTb paKexa oKasanacb na^ tohkoh Pi b momcht 4 . PaccMOTpHM 
HCBpaiuaiomyiocB cncTCMy KoopAHHaT Axyz c Ha^aJiOM b uenTpe SeiviJiH, 
ocbK) Az, nepneHAHKyjinpHOH k nnocKocTH sKBaropa, h ocbio Ax, npoxo- 
A^imeH MCpes rowKy Bcrpe^iH rpHHBHMCKoro MepHAnana c SKBaiopoM b mo- 

MCHT ti. TaK KaK ScMAH aa 6 nac noBepnyAacb na 360°-6-3600/86164 = 

-= 90,25°, TO TOMKa P 2 SyACT HMCIb OTHOCHTCAbHO CHCTCMbl OTCqCTa Axyz 

AOJirory = 90,25° + Ag ~ 270,25°. OOoanaMHM qepea h Qg opTbi bck- 


TOpoB AP^ n v4P2- 

02 ~ ' 


COS cpi COS A^i — cos cpi sin sinrpj^/j, 


coscpg COS X'i 


cos (pg sin XJ 


sin(p2i^. 


HopMaJib K nAocKocTH opOHTbi coBnaAacT no iianpaBJieHHio c BCKTOpOM 
O3 ~ Oi ^ 02- y Me>KAy BCKiopoM h oproM k och Az mo>kho HaniH 


IB aaBMCHMocTH ^ ’ Q 3 =~ | ^3 ! COS y, HraK, cos y 


X Q 2 ) 
: 61 X ^21 


} 


npHneM 


0 




cos cp_^ cos A 


cos(pjSinAi sincpi 


cos (p 2 cos A 2 coscpg sin Ag sinipg 
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[rJI. !V 




' / 
/v 



i . j . * ! 

COS cpi cos COS q:i sin a^ sincp^ i 

' ' - r - 

cosq^ 2 CosA 2 cos c (:2 sin A^ sin(j; 2 . ! 


rioc^ie BbiKJia;;oK nan/ieM, mto cosy 0,006, y ^89"". 

2. riycTb /, J, K —opibi Koop^HHaTHbix ocen Ax, Ay, Az\ i, j, k — 

opibl oceft Op6HTaJIbHOH CHCTCMbl KOOpAHHaT Al, i4ri, A^. 



d(2I-rJ), AP^=r 2 =^ dil-i- J~r K), 





ri X 
ri X r2 


ri / r2 = 


I J K 

2d d 0 
d d d 


m A 






2J + 0,408-/ 


0.816y -1- 0,408-/C. 


B CHJiy ^^opMyji (1) h (2) 

1 

sin J^.sinY= — cos^-smy 



cos y ~ 





KaK 




sin Y > 0, sin Y — i" 




OrciOAa 


sin 2 = 

1 

cos 2 

2 

y'5 ’ 

V5 

V s: 

J 65°54', 

2 ~ 

26^33'. 


Ho (|)opMy.TaM (4) HaHACM Cl H C 3 : 

Cl ('-I >< '"a) ^ >'2 I' 3 , 

TO eCTb 


Cid^ (/ — 27 + K) 



2J + K). 


oTKy^a Cl 


1 . AnadorHqHo HanAGM, nro c 


1. Ha (5a) nonvHHM 



OTKyAa 


P 


Ha (I) bhaho, qro 







I 




1,917. 


OosTOMy 
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Cor;iacHo (8) 


8rf‘- E 6 ^ 

OTCK);ta e 


8 I rj X rg i = I 

I — 0,32&P (— / 
0,362. 2],BH>KeHne ■ 

pbi / H i. rio (l)op 


iP 




(P 


rs) r, I, 


K) 


0,md- (2/ 


J) 


d"'0,887. 


3;LTnmnHecKoe. Blbihcjihm co. CuaHaJia 


0,887cfJ 


d} (— 0,660/ 


0,494y 


0,328/0 


OTcio^a 


- 

7 X 


0,744/ 


0,5577 


0,370A:, 


0,529/ 


0,1537 


0,834/C, 




cos + sin oy 


2 , 1 

- 7= J. 


YroJi (0 HaHAGM H3 aaBHCHMocTeft 


cos (0 


6 / 


p/ = COSO), py 

— 0,4047, sinco 


cos (co + 90°) 


sin CO, 


py 


Y5 


(2 0,744 


0,557) > 0 


Ho Ta^JiHuaM HaxoAHM co 


113''50'. Hs (12), (13) MOOKHO 


HaHTH MOMCHT 4 npoxo>KAeHH5i coyTHHKa qepes nepHreft. 


a 


P(1 


82 ) 


44 200 KM, 


b = aYl — 

riosToMy [cm. (12)] 


41 700 km; rd 


9160, rj 


33 420. 


cos £ 2 !^ 9, sin £2 


0,8014, £ 


4,071, 




OTCiOAa to 


K 

11 Hac 


954,5, 


n 


(£2 


8 sin £ 2 ) 


3680 ceK; 


1 . 


X 

K 


(bag I 


§ 4 

>-1), P 


G 2 

X 


(sflecb o 


o|), 


a 


P 


82 


o 


K 






cos Y 


(5 k 
O 


,0C T<n, 


FAe k — opx ocH Az. OxcKiAa naxoAHM y. Flycxh y 0; p — ft X a/(a sin y). 

ToxAa npoeKUHH BCKXopa p na och Ax h Ay paBHbi cooxBexcxBeHHo cos ^ h 

sin cos 2 = PC sin ^ = Py (/,y- - opTbi oceii Ax, Ay). Otckoa^ 

MOOKHO BbiqHCJIHTb HMeCiM 

p-X = X cos CO, p X X = sin CO a/a. 

OiCKOAa HaxoAHM co. 

2. a == Ti X zii, >w = — (a X zii + Krjr^. Flo ^opMyjiaM npe- 
AbiAyLAGH saAaqn naxoAHM 8, p, y, co. Hs 4>opMyjibi = a (1 — s-cos Z^) 

HaHAGM cos Z^, a aaiCM sin Z^ h Z^; /q mo>kho HaiiTH ns ypaBHCHHH KGOJiepa 

Zi — 8*sin Z^~ n (4 — /q)- 


22 BajiK 
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6 


1. CriyTiniK ^BibKeTCJi no oKpy>KnocTii 


tf 




yr/ioBOH CKopocTbio n 



, TaKyio >Ke yr.ioByfo CKopocTb otiiochtcvilho iieBpainaioiueHCH 

3eMJiH HMeeT n rioAcnyTHHKOBan TonKa, TaK nio ce jinnenHaH CKopocTb 
V paBHa Rn (R — cpe;i,iiHH pa/i^nyc Seivun). B momcht /q npoxo>K;ieHHH 
ciiyiHHKa Ha;^ SKBaiopoM (c io>KHoro rio.TyiiiapH5i na ceBepnoe) mo>kiio 
CK opocTb no;icriyTHHKOBOH TOMKH pa3Jio>KHTb na ABe KOMnoneHTbi v.. n v 


M 


3 ’ 


H3 KOTopbix nepBan nanpaBJieiia no MepHAnany, a BTopan — no SKBaxopy: 


V 


M 


V Sin y, 


V 


V cos y. 


PaccMOTpHM lenepb ABH>KeHHe noAcnyinnKOBon tomkh na epau^afou^eu- 
CH SeMJie. ymeM, nio Ka>KAan lonKa OKBaropa BpaiAaeTCH co CKopocibio 

KM.IceK. rioSTOMy CKOpOCTb CnyTHHKa OTHOCHTCJIbHO Bpaiuaio- 


V 


IziR 

86164 


lACHCH SCMJIH HMeCT TaKIiC KOAinOHeHTbl (b MOMCHT /q)’ 


V 


V 


Vq, V 


M 


V 


M* 


nosTOMy yroJi y' Me>KAy Tpaccon h OKBaropOM b momcht yAOBJiCTBopner 


yCJIOBHKD 


V 


M 


V 


M 


V 


V 


^0 


. B naineM cjiynae 


a 


6685 KM, V = 6371 V 398 600/6685=* « 7,36 KM/ceK, 


V 


V cos 7 


^0 


V sin y 

-- 68°25'. 


6,67 KM/ceK, 


= 7,36 cos 65° = 3,10 km/cck, = 

0,464 KM/ceK, tg y' — 6,67/2,64 = 2,53, y' = 

2. Mo>kho BocnoJibsoBaibca (j)opMy^aMH ns peineHiin npcAbiAyiAen 


saAann. B abhhom cjiynae 


V 


T 


90°, i; 


6371 


0 , V 


M 



398 600 
66003 


7,50 KM/ceK, tg y' 


7,50 


7,50 KM/ceK, 


(- 0,47) 


15,96, T 


93°42'. 


r;iAB A VI 


R. 




1. R 

2. a 


a\i 


A 


% 


1. 


§ 1 


a\)i 


A 


925-103 


228-10^ KM, p, --- 1 : 3 090 000, R 


n 


580 000 KM. 


§ 3 


2K 


3 


a /u 


130 000 Of, 


V 


R 


0,92 KM./ceK. BpCMH nepejieia t BbinncniiM no 


A 
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4)opMyJie (3.1.5): 


6600 KM, p 

It * 


2r 


n 


13 200 KM, r 


R 


A 


930 000 KM, X 


HOC 


2 . V 


III 


Y(Y 


2,.2 I ^.2 




C 


“ j,, r^e C ~ KpyroBan CKopocib 


OTHOCHTCJibHO CoJiHua b6jih3H HJiaHeTbi, —napaSoJiHqecKan CKopocxb 
OTHocHTeJibHO nJiaHCTbi y ee noBepxHocTH. B cjiyqae Mapca 


V 


2 

K. C 


581, V 


2 

n. n 


2K 


n 


r 


25,2, 


TC 


V 


III 


y 105,7 + 25,2 11,5 KM/ceK. 


4. OpH Bbixo^e H3 c4)epbi achctbhh SeMJiH paKexa jJS)JiyKHa HMexb ny- 


JICByiO CKOpOCXb OXHOCHXeJIbHO CoJIHUa H, CJie^OBaxeJIbHO, 

— 29,8 KM/ceK OXHOCHXeJIbHO SeMJiH. 


CKOpOCXb 




CorJiacHo HHxerpaJiy sneprHH 

2K 


V 


2 

0 


3 


r 


V 


0 


2 

1 


2K 


3 


R 


A 


S^ecb 


r 


0 


6600 KM, R 


A 


925-103 KM 


KM 


noaxoMy ^0 27,7 

noAex no o^enb ysKOMy sAJiHncy c 6oJibmoH ocbio 2a 


KM 


A 

naACHHH paBHO — T 

2 


Jia 


5. a 


2 



56,1 • 10® ceK ^ 65 cyxoK. 


+ /?3) 189* 10® KM. CKOpOCXb (t>2) paKeXbl OXHOCH- 


3 


xeJibHO CoJiHua b momchx buxoab h 3 c4>epbi aghcxbhh Scmjih onpeAeAnexcH 


H3 aaBHCHMOCXH V 


2 

2 


K 


2 


c 


R 


A 


1 

a 


oxKy^a ^2 


32,4 KM/ceK. 


Ecjih HanpaBAeHHe ;;BH>KeHH5i paKexbi coBnaAaex c nanpaBAenHCM 

ABHJKeHHH SeMAH BOKpyX CoAHUa, XO CKOpoCXb Vi paKeXbl OXHOCHXeAbHO 

SeMAH 6y;;ex paBna — ^ 3 , tac ^3 — KpyroBan CKopocxb ABHAceHHH 3eM- 
AH BOKpyr CoAHUa, 


Vi 


32,4 


29,8 


2,6 KM/ceK, 


V 


2 

0 


2K 


3 


ro 


V 


2 

1 


2/C 


3 


R 


(''o 


6800 KM, R 


A 


A 


925 000 km) . 


OxciOAa Vq 


KM/ceK 


6. CoxpaHHH o6o3HaHeHHH sa^aHH 5, HMeeM 


^^2 


42,1 KM/ceK, Vi 


42,1 


29,8 


12,3 KM/ceK, 





2/C 


3 


2 


2/C 


r 


0 




3 


R 


16,4 KM/ceK. 


A 


22 * 
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r/IABA VIII 


§ 2 


2 . p 


a 


6900 /CM , 


0,54° cos Y, TO ecTb 




0,38 epad/od 


6,1 epad/cym, 


d(D 


dN 


0,27° (5 cos^ Y — 1), TO ecTb co 0,4 epadlod ;:^6,5 apad/cytn. 


3. ^ 

4. ^ 


4,27 apad/cym, co — 3,36 epadjcytn. 


2,7 apad/cytn, 


(0 


0,42 apad/cym. 


1. Hs (j)opMyJibi 


2 1nr 


In 


§ 3 

4:3T^ 

cjie;;yeT, ^ito 

2jx 


a: 


j “f- 3 In cz, 2 




3 


da 

a 


noJiaraH T = 96*60 ceK, dT = 3 cen, a 7000 km, noJiy^HM da 

^ 2,1 KM/cym, 



nPHJIO>KEHHE 


HEKOTOPblE 
ACTPOHOMMHECKME nOCTOJfHHbTE 


1 cpeAHHe cojiHe^Hbie cvtkh = 86 400 cck. 

1 3Be3AHbie cyTKH, TO ecTb npo;;oji}KHTejibHOCTb oahofc nojinoro o60' 
poia ScMJiH BOKpyr CBoefi och («0TH0CHTejibH0 nenoABHJKHbix 3Be3A») = 

= 86 164 ceK = 23 me 56 muh 4 ceK. 

Macca CojiHua = 1,9866*10^0 Ka. 

Macca SeivuiH = 5,975* 10^^ Ka. 

Macca JlyHU = 7,343*1022 Ka. 

SKCUeHTpHCHTCT Op6HTbI SCMJlli = 0,01678. 

CpcAHee paccTOHHHe Scmjih ot CojiHua = 1 a. e. = (149 598 500 i 
500) KM. 

CpeAHHH CKopocTb ;;BH}KeHH5i Scmjih BOKpyr CojiHua = 29,765 KMjceK. 
SKCUCHTpHCHTCT OpOllTbl JlyHbl == 0,05490. 

CpCAHce paccTOHHHc JlyHbl ot Scmjih = (384 403 1) km. 

PaccTOHHHc JlyHbl OT Scmjih b ncpHrec = 363 300 km. 

PaccTOHHHc JlyHbl OT Scmjih b anorcc = 405 500 km. 



HeKOTopwe cbcachkh o xejiax cojihchhoh cHcxeivibi 
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